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I AEID 
ABSTRACT 
The present study was carried out to developed time and cost eflfective 
approach for mapping the arid lands using the remotely sensed data together with 
the gravity data for the three dimensional mapping of the geology. The programme 
of the study was chosen with arid bias in order to developed expert system for 
utilisation backhome in the arid lands of Libya In order to achieve the objective of the 
present study, the scope of the present work was restricted to geological mapping 
using remotely sensed data both in visual and digital modes. The surface geology 
was interpreted from the remotely sensed data across the geo-traverse from Bijianagar 
in the east to Pali in the west, covering the Archaean and Proterozoic rocks from 
Bhilwara in the south to Amargarh in the north . The third dimension was mapped 
using gravity data together with the density of the crustal lithologies measured across 
the geo-traverses and assigned to the subcrust. 
The remote sensing data both in digital mode and the hard copy FCC were 
used in this study The digital data were processed for selective windows over the 
Aravalli Mountain Range (AMR). The processing and interpretation of the two 
windows of the IRS-IB data were used as a key for the visual interpretation of the 
study area The digital data from IRS-IB LISS-II covering parts of the study area 
were processed and interpreted during the course of this study. Since the aim of this 
study is to interpret the geology, geomorphology and the microlineament of the study 
area, the windows which having high density outcrops were chosen for detailed study. 
These windows cover the main orogrphic axis of the AMR. 
The data were transferred from the floppies supplied by the NRSA, Hyderabad 
in Band Interleaved by Line (BIL) format and converted to Intergraph compatible 
format. The image processing was carried out at the Remote Sensing Applications 
Centre for Resource Evaluation and Geoengineering, Aligarh Muslim University, 
Aligarh. The four bands images were generated from the source floppies using MGE 
Image Translator. The bands I, 2 and 3 correspond to the visible light, and band 4 
represent the near infrared ranges of EMR spectrum. The wavelengths of the four 
bands correspond to ( 0.45-0.52|j.m) for blue, (0.52-0.59 nm) for green, 
(0 62-0 68nm) for red and (0.77-0.86 |im) for near infrared. The image enhancement 
was carried out using the four bands data and their combination to generate the 
various FCCs. The FCCs bands 4, 3 and 2 were used for filtering. The convolution 
filters were used for image enhancements comprising , Laplacian, Highpass, Kirsch, 
Compass and Edge preserving filters. The hue, intensity and saturation transforms 
(HIS) were applied to the data. The hue, intensity and saturation images were 
combined using RGB colour system to generate the FCCs. The principle component 
(PC) analysis was attempted using Hotelling transforms and the PCI, PC2, PC3 and 
PC4 were combined using RGB colour system to generate the FCCs for image 
transformation. The ratio of the bands, the PCs and the HIS were calculated using 
simple ratio, normalised difference and reverse ratio. The resulting images were 
combined to generate the FCCs using RGB colour system. All the images were 
interpreted using the photoelements and geotechnical elements as recognition tools 
for thematic mapping. The facsimile of each image was prepared for the possible 
interpretation of the lithology, geomorphological features and the structural elements 
of the study area. 
The geomorphology of the study area was interpreted from the LANDSAT 5 
TM FCC of bands 2, 3 and 4 image. The interpretation was carried out using the 
photo-elements and geotechnical elements for mapping the geomorphological features 
within the study area The study area was separated into three geomorphic zones on 
the basis of the altitude namely, the Mewar Plain (Me.P.) in the east, the Aravalli Fold 
Belt (AFB) and the Marwar Plain (MaP ) in the west of the study area. Each of the 
geomorphic zones was separated into geomorphic units. The Me.P comprises the 
rolling and undulating plain occupied by the rocks of Bhilwara Supergroup with 
maximum elevation of 400 m. The slope of the Me.P. is moderate at the foot of the 
AMR. It gradually becomes gentle towards east 
The AFB is the classical example of the Proterozoic folded mountain belt 
which comprises the anticlines and synclines. The ridges occur as linear hogbacks 
alternating with erosional valleys The AFB has a relief of about 200 m, the base being 
defined by 400 m and the top by 600 m. At places the peaks have 800 m to 900m 
elevation above the MSL Tectonically the area is highly deformed characterised by 
the development of strong foliation, profuse joints, numerous faults and complex 
superposed folds, which are morphotectonically expressed as punctuation in ridge 
morphology 
The Ma.P occupies the western portion of the study area from the west 
margin of the AFB to the Pali basin in the west The Ma.P on the bases of the 
ahimetry and morphological considerations was divisible into three geomorphic 
elements namely, western pediplain, the buried pediment and the sand spread The 
western pediplain developed in front of AMR in the Trans-Aravalli region. The 
piedmont zone comprising gravely detritus was formed by coalescence of the talus 
fans The buried pediment occupied part of the Trans-Aravalli block is characterised 
by sub-horizontally disposed sediments of the Marwar Supergroup and younger 
sediments of Mesozoic and Tertiary ages It is overlain by the Quaternary aeolian sand 
spread The landscape of aeolian origin lies in the northwestern portion of the study 
area formed by sand deposits. The sand dunes both of the self parallel to the direction 
of the prevailing wind and the barchan types are present in the area. 
Palaeochannel seen in the northwest of the study area forms the demarcation 
line between the predominantly sand dunes area and the Marwar plain. The Ma.P 
area represents the arid- semiarid interface of the Thar Desert in part of Pali and 
Jodhpur districts The Quaternary sediments occur as sand spread between Sardar 
Samand and Jajiwal R.S as a veneer over the Marwar Plain. Locally the monotony of 
the sand spread is punctuated by presence of dunes which are both longitudinal and 
transverse The source of the sand has been considered to be from different 
provenance, mostly it is derived from the flood plain deposits of Indus and Luni river 
systems. Clastics from Trans-Aravalli region and coastal zones of Rann of Kutch have 
particularly contributed to the Quaternary sand spread in the area. The sand is fine to 
very fine, sub-angular to round with high sphericity. Mineralogically, quartz is 
dominant, hornblende, feldspar, garnet, magnetite, limonite, carbonate and clay pellets 
occur as accessories 
The geology was interpreted through remotely sensed data The digital image 
processing was carried out to identity the formational units. Two windows of the 
IRS-IB digital data covering the Aravalli orographic axis were examined using 
various image enhancement tools The formational units were spatially mapped 
through image interpretation technique from LANDSAT 5 TM FCC 
Lithostratigraphically, the formation units have been assigned to Bhilwara, 
Aravalli and Delhi supergroups, following the nomenclature adopted by the 
Geological Survey of India The magmatic events have been accommodated in the 
stratigraphy based on their cross-cutting relationship and deformational imprints of 
the Bhilwara, Aravalli and Delhi geological cycles (Gupta, et al., 1997). 
The Bhilwara Supergroup comprises the metasedimentary sequences with 
migmatitic complex and igneous intrusives representing the geological cycle older 
than 2 5 by It includes meta-pelitic, pellite, quartzite, meta-proto-quartizite, meta-
conglomerate, meta-greywacke, meta-dolomite, kyanite-sillimanite-schist, paragneiss, 
para-amphibolite, mica-schist, synsedimentary-meta-volcanics, felspathised-mica-
schist, gneisses-migmatite, composite gneisses, granite, granite-gneiss, granodiorite, 
chamockite, norite, enderbite and uhramafics. The Bhilwara Supergroup in the study 
area is represented by the Hindoli Group, Mangalwar Complex, Sandmata Complex 
and Pur-Banera Group along with the magmatic events, Raipur-Jalayan mafic rocks 
(2.95 +- 0.1 by) comprise the ortho-amphibolite bodies, gabbro, norite and 
pyroxene-granulitic rocks as a dyke swarms intruding Sandmata Complex The 
Giyangarh-Asind acidic rocks (2.95 +- 0 1 by.) consisting of an acidic suite of rocks 
comprising granite, granodiorite, chamockite, enderbite, granitoid gneiss and 
migmatite occur as erosional hills in the western portion of the Mewar Plain The 
Berach granite (2 585 by.) emplaced during the late orogenic phase of Bhilwara 
geological cycle is exposed in the Berach river valley showing intrusive relationship 
with the rocks of the Potia Formation 
The Aravalli Supergroup comprises the thick pile of metamorphosed and 
complexly folded clastogenic sediments along with minor chemogenic and 
organogenic assemblages and interiayered basic volcanics overlying the migmatitic 
complex of Bhilwara Supergroup with erosional unconformity. In the study area it is 
represented by the Dovda Group. It is chiefly composed of an interbanded assemblage 
of hornblende-schist, homblende-biotite-schist, biotite-schist, gametiferious-biotite-
schist, amphibolite gneiss, quartz-biotite-gneiss and migmatite with numerous 
intercalatory bands of calc-silicate rocks, dolomite marble and quartzite. 
The Delhi Supergroup comprises the metamorphosed elastics with subordinate 
chemogenic sediments and related concordant and discordant intrusives resting over 
the rocks of Bhilwara Supergroup in the northeastern part of the area with first order 
unconformity and over the Aravalli metasediments with structural discordance in the 
southwestern part of the area. 
The Delhi Supergroup includes quartzite, biotite-schist, calc-gneiss, phyllites 
and marble with subordinates conglomerate, chert and meta-volcanics. These rocks 
have been assigned to Gogunda , Kumbhalgarh and Punagrah groups. Granites, 
ultrabasic, basic flows, epidiorite, hornblende-schist, amphibole-pyroxene granulite 
and gabbros occur as associated intrusives. The Gogunda Group comprises 
dominantly arenaceous and argillaceous facies deposited on the shelf margin. The 
Kumbhalgarh Group comprises the mixed calc-arenaceous and argillaceous facies of 
the shelf interior The Punagarh Group includes the molasses sediments of the 
successor basin. The Phulad Ophiolite suite of rocks consisting of epidiorite, 
hornblende-schist, amphibolite, pyroxene granulite and gabbros, occurs as elongated 
bodies intermittently from west of Samantri in the southern part of the study area 
through Phulad to northern part of the study area. The Sendra Granite and gneisses 
comprises granite and granite gneisses and associated migmatite. The Erinpura 
Granite and Gneiss represent the late to post-Delhi acidic intrusive. They occur in the 
western part of the study area around Pali basin. The Malani suite occurs as patchy 
exposures in the western part of the Marwar Plain. This thermal event has been dated 
0.740by. (Ouptaetal., 1997). 
The photo-geophysical approach to interpret the stress trajectories for the 
study area in the AMR was adopted using remotely sensed data of the LANS AT 5 
TM FCC Bands 2, 3 and 4. The linear photo-fabric controlled by joints and faults 
which were cutting the boundaries and tectonic trend lines of the regional fohation 
were mapped as microlineaments. The planar fabric represented by bedding and planar 
tectonic anisotropy were mapped as photo-trends. The study area of the AMR was 
delineated into three sectors namely, Beawar, Phulad and Dasuri on the bases of the 
structural and tectonic similarity 
The photo-geophysical approach for interpretation of the stress trajectories 
from the study of the present state of the finite strain included orientation analysis of 
the planar tectonic anisotropy and its correlation with axial trend of the major fold. 
Stress modelling through shear fracture analysis was also carried out for the three 
sectors. Besides, microlineaments were subjected to analytical rigour through study 
of their number, length and intersection density per unit area to obtain two 
dimensional smoothening. The study area was delineated into!5'X 15'grid 
The stress trajectories obtained through various photo-geophysical techniques 
have been summarised in the table below 
SECTOR 
BEAWAR 
PHULAD 
DASURI 
cri trajectory 
from A TF. 
N50W - S50E 
N60W - S60E 
N50W - S50E 
al trajectory 
from PT. 
N50W- S50E 
N60W- S60E 
N50W- S50E 
al trajectory 
from CSF. 
N35W-S35E 
N75W-S75E 
N55W-S55E 
al trajectory 
from IDA. 
N49W-S49E 
N49W-S49E 
N49W-S49E 
Note: ATF= Axial Trace of Fold. PT= Phototrend .CSF= Cardinal Shear Fractxire. 
IDA = Intersection Densit\ Analysis 
It has been observed that the evaluated palaeostress distribution of the AMR 
rocks from the photo-geophysical approach is highly correlated with the a l 
trajectories computed from various techniques. It has emerged that the methodology 
adopted in the present study can be suitably applied to extraterrestrial bodies and in 
area of mild deformation where fracture analysis can not be done due to resolution 
factor Trend analysis can be reliably applied to interpret the stress distribution 
system. 
The analysis of the isostatic anomaly across the Aravallis has been attempted 
to get an insight to the intracrustal density variation, possible crust-mantle 
relationships resulting from the isostatic compensation and clues to cratonic evolution 
process in the region The AMR is bounded in the west by low gravity anomaly 
(-10 mGals) over the Thar Desert and in the east by low gravity anomaly 
(-70 mGals) over the Vindhyan basin. 
The geophysical modelling has been carried out along two traverses. The first 
traverse started from the west through the Jajiwal R.S. to Bijinagar and further to the 
Vindhyan margin. The second traverse commences in the west, runs through Pali to 
Bhilwara and goes beyond the Vindhyans. Permissible geological sections 
constructed for the traverses were based on the geomorphological, geological, 
tectonic setting and the isostatic gravity anomalies along the profiles. The seismic 
section parallel to the profile across the AFB fi^om Nagaur to Kota (Tewari et al, 
1995, 1998) were considered. The possible subsurface configuration of the lithounits 
and the crust-mantle relationships in the study area were designed using the geological 
map as base for extracting the litho-contacts along the isostatic anomaly profiles. The 
densities were entered to the computer to bring out density contrast by assuming the 
density of the crust 2850 kg/nv' and the density of the mantle as 3270 Icg/m .^ Using 
this data base, the Talwani programme for gravity modelling was run. The procedure 
was repeated till the observed and the calculated anomalies matched with each other 
or the difference became negligible 
The isostatic anomaly values of +60 mGals over the Aravalli block can not be 
related to the surface lithounits The crustal thickness in the study area, in order of 
37-40 km, beyond the AMR is of the same order as reported by seismic reflection and 
refraction profiles. That is, the crustal root as per the Airy concept of isostatic 
compensation is as expected from elevation The positive isostatic anomaly can be 
related to the high density material in the lower crust in the form of magma 
underplating / upwelling (QureshyJ971 , Mishra, et al, h)^ )5 , Qureshy and 
10 
Abdussalam, 1997 , Tewari et al, 1998) The effect of the magmatic underplating is in 
producing a Moho which is defuse rather than a sharp interface This diffuse Mho is 
clearly presented in the seismic section across the AFB 
It is concluded that the integrated approach of the multi-data (remotely-
sensed, geological and geophysical data) can be a useful tool for mapping the 
subsurface geology (third dimension) of the areas covered by alluvium and sand 
spread in the arid to semi-arid regions 
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CHAPTER »I 
PLATE ^ 1 
INTRODUCTION 
General Statement 
The thesis i»«sents an integrated study of remotely sensed data and gravity data 
carried out in parts of the Aravalli Mountain Range (AMR) of Rajasthan for three 
dimensional (3-D) geological mapping in pursuance to the Ph D programme at Remote 
Sensing AppUcations Centre for Resource Evaluation and Geoengineering, Aligarh 
Muslim University Aligarh, India The surface geology was interpreted from the 
remotely sensed data across the geo-traverse from Bijianagar in the east to Pali in the 
west, covering the Archaean and Proterozoic rocks from Bhilwara in the south to 
Amargarh in the north (Fig 1) The third dimension was mapped using gravity data 
together with the density of the crustal lithologies measured across the geo-traverses 
and assigned to the subcrust. 
Location and Accessibility 
The Aravalli Mountain Range (AMR ) forms natural fortification in northwest 
India for about 700 Km from Palanpur in Gujarat through Rajasthan and Haryana 
states upto Delhi foUowring SW-NE regional strike. The AMR forms the main water 
divide of the area, the western part is drained towards Arabian sea and in the 
eastern part the drainage is towards the Bay of Bangal The study area forms part of 
the AMR bounded by Vindhyan Plateau in the east and Marwar Plain in the west. It lies 
between Long. 73''00E to 75" 00 E and from Lat 25" J5'Nio26'' 15' N. 
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FIGURE - 1 
Administratively the study area forms a part of Rajasthan State and is included in 
parts of Survey of India toposheet No. 45K, 45G, 45J and 45F Bhillwara, Pali, 
Spjat, Phulad, Merta, Beawar, Bijianagar and Marwar are the important cities and 
towns in the area The area is well connected by network of roads, the National 
Highway No 8 is the main artery of road communication, which passes right across the 
area. Particularly all important towns in the area are connected by motorable roads The 
area is served by the meter gauge network of Western Railways The area is 
approachable by air from Udiapur 
Climate 
The mean annual rainfall over the study area varies from 100 mm to 450 mm as 
against this the annual potential evapotranspiration values range from 1600 mm to 
2063 mm and aridity index values are 67 to 89. The wind regimes at the fence of arid 
land in the west is strong enough to give a high incidence of dust storms and moving 
the sand particles The velocity of the wind regimes varying from 30 to 40 kmliour is 
common during part of the da\ The mean daily maximum temperature is generally 
40°C during summer and around 25°C during the winter, the minimum temperature 
varies from 24°C to 26°C during summer and 4°C to 1 O^ C during winter, the 
diurnal temperature ranges from 12°C to 17°C. The relative humidity during summer 
varies from 36 to 50 percent and from 66 to 78 percent during monsoon in the 
morning time, and in the after- noon it ranges from 20 to 35 percent during 
summer and 48 to 60 percent in monsoon season (AnonJ985) 
Scope of the Present Work 
The present study was carried out to developed time and cost effective approach 
for mapping the arid lands using the remotely sensed data together with the gravity 
data for the three dimensional mapping of the geology The programme of the study 
was chosen with arid bias in order to developed expert system for utilisation 
backhome in the arid lands of Libya. In order to achieve the objective of the present 
study, the scope of the present work was restricted to geological mapping using 
remotely sensed data both in visual and digital modes 
The digital image processing was carried out to identify the processing 
technique for enhancement of litho-contacts, tectonic units and proper band selection. 
The machine processing of the remotely sensed data was carried out for selected 
windows and extrapolated on standard FCC for spatial mapping of litho-tectonic 
units of the study area in the AMR. The two dimensional surface mapping was 
carried out using time and cost effective technique of remote sensing for interpretation 
of geology (Moon, 1991; Ramasamy, 1991 ; Hussien et al, 1996) The field checks 
were carried out to enhance the confidence level of the interpreted outputs 
The geomorphology of the area was interpreted using LANDS AT 5 TM FCC 
The objective of geomorphic interpretation was to use it as guide in selecting the 
processing technique for the gravity data The effect of the terrain inhomogenties 
in the gravity made it imperative to have qualitative information on the geomorphology 
of the study area for selection of the proper gravity anomaly in the geophysical 
modelling 
Microlineament analysis was attempted to interpret the stress distribution system 
for proper understanding of the structural evolution of the AMR 
The gravity modelling was carried out using isostatic anomaly The densities of 
the crustal rocks were computed through laboratory studies and permissible 
geological sections were prepared for mapping the third dimension of geology in the 
AMR using computer programme (Talwani et al, 1958) 
Methodolog> 
In the present study the remote sensing as the time and cost efficient tool was 
used for the interpretation of the surface geology, geomorpholog> and morphotectonic 
of the study area The remote sensing data both in digital mode and the hard copy FCC 
were used in this study The digital data were processed for selective windows over the 
Aravalli Mountain Range (AMR) The processing and interpretation of the two 
windows of the IRS-IB data were used as a key for the visual interpretation of the 
study area. The digital data from IRS-IB LISS-Il covering parts of the study area were 
processed and interpreted during the course of this study Since the aim of this study is 
to interpret the geology, geomorphology and the microlineament of the study area, the 
windows which ha\ing high density outcrops were chosen for detailed study These 
windows cover the main orogrphic axis of the AMR 
The data were transferred from the floppies supplied by the NRSA, Hyderabad 
in Band Interlea\ed by Line (BIL) format and con\erted to Intergraph compatible 
format. The image processing was carried out at the Remote Sensing Applications 
Centre for Resource Evaluation and Geoengineering. Aligarh Muslim University, 
Aligarh The four bands images were generated from the source floppies using MGE 
Image Translator The bands 1, 2 and 3 correspond to the visible light, and band 4 
represent the near infrared ranges of EMR spectrum The wavelengths of the four 
bands correspond to ( 0.45-0.52nm) for blue, (0 52-0 59 ^m) for green, (0.62-
0 68 i^m) for red and (0.77-0 86 \im) for near infrared The image enhancement was 
carried out using the four bands data and their combination to generate the various 
FCCs The FCCs bands 4, 3 and 2 were used for filtering The convolution filters were 
used for image enhancements comprising , Laplacian, Highpass, Kirsch, Compass and 
Edge preserving filters. The hue, intensity and saturation transforms (HIS) were applied 
to the data The hue, intensity and saturation images were combined using RGB colour 
system to generate the FCCs The principle component (PC) analysis was attempted 
using Hotelling transforms and the PCI, PC2, PC3 and PC4 were combined using RGB 
colour system to generate the FCCs for image transformation The ratio of the bands, 
the PCs and the HIS were calculated using simple ratio, normalised difference and 
reverse ratio The resulting images were combined to generate the FCCs using RGB 
colour system All the images were interpreted using the photoelements and 
geotechnical elements as recognition tools for thematic mapping The facsimile of each 
image was prepared for the possible interpretation of the lithology, geomorphological 
features and the structural elements of the study area 
The remote sensing application was carried out for qualitative geomorphology 
The qualitative approach provides description of the terrain features identified by the 
image interpretation on the basis of altimetr>- The study area in the AMR has been 
delineated into Mewar Plain (Me P) in the east, .\ravalli Fold Belt (AFB) along the 
Aravalli orographic axis and Marwar Plain (Ma P ) in the west defining the arid lands of 
Rajasthan The landforms characteristics of each zone in the area were recorded 
through visual interpretation of the remotely sensed data. The image characteristics , 
tone, pattern, texture, form, relief etc were recorded to describe the terrain elements 
qualitatively, which comprise the geomorphic zones. The output was registered on base 
map of 1 250,000 scale, the geomorphological elements were plotted on the base map 
using line symbols and annotation to generate the geomorphological map of the area 
The LANDSAT 5 TM FCC Bands 2, 3 and 4 was interpreted through visual 
interpretation techniques using photo-recognition elements (Sabins, 1977, Swain, 
1978, Siegal, 1979) The lithounits of the study area were interpreted The ground 
truth was taken from the available literature of the study area and selective field check 
to prepare the geological map The formational nomenclature was adopted after 
Gupta etal, (1981, 1997) 
The linear photo-fabric was separated into microlineaments and photo-trends. 
The fracture controlled exogenic linears were assigned as microlineamems: The 
bedding and foliation controlled linears were mapped as photo-trends ( photo-strike). 
The axial trace of major antiforms and synforms were mapped using line symbols. The 
fractures, joints and faults occur as microlineaments are expressed in the imagery by 
local rectilinearity of drainage channels, linear vegetation pattern, changes in micro-
relief, linear photo-texture and linear tonal variation These microlineaments were 
subjected to orientation analysis, intersection density anal>sis, iso-fracture density 
analysis and incidence density analysis The stress trajectories were determined for the 
study area based on the present state of finite strain of brittle failure in AMR 
The gravity modelling in the study area has been carried out using the isostatic 
anomaly to eliminate the effect of topography in the gravit> field The permissible 
geological sections for the selected profiles were prepared from the geological map of 
the area The geological information used in this modelling was produced through the 
visual interpretation of the remotely sensed data (the IRS-IB LISS-Il and the 
LANDSAT 5 TM FCC) Computer programme for gravity modelling was used 
(Talwani et al, 1958), The modelling has been carried out along the traverses 
extending from west of Jajiwal Railway Station (in the NW of the study area) to east 
of Bijianagar The second traverse extends from west of Pali through Bhilwaraupto the 
\^ indhyan margin in the east The permissible geological sections for both the traverses 
were constructed using the geomorphological, geological and tectonic setting of the 
area Inputs from seismic section (Reddy et al., 1995, Tewari et al, 1995, 1998) 
parallel to the profile across the Aravalli Mountain Range were considered The 
polygons of the possible subsurface configuration of the lithounits and the crust-mantle 
relationship in the study area were designed using the geological map to identify the 
litho-contacts and the isostatic anomaly variations These polygons were stored in a 
computer data file in the binary mode (GVP.DAT) The isostatic profiles were digitised 
manually and stored in another computer data file (BOO.DAT) The densities were 
entered to the machine as a contrast by assuming the density of the crust 2850 kg/m' 
and that of the mantle as 3270 kg/m' Using these data files, the Talwani program for 
2-D gra\ity section modelling was run This procedure was repeated till the observed 
and the calculated anomalies matched or the difference became negligible The results 
v,ere plotted using computer graphics packages 
Finally the integration of the geological, geomorphological, structural and 
gravity data has been attempted to prepare three dimensional model for the AMR 
RevieH" of The Previous Work 
Significant contributions have been made in the geological studies of the 
Aravalli Mountain Range and Thar Desert since the work of Blandford, (1877), La 
louche, (1902 ) and Holland and Christie, (1902) 
The area was mapped by Heron, (1935, 1938 &1953) Heron studied the 
stratigraphy of the AMR and provided the stratigraphic framework, his 
stratigraphic framework has gone through several modifications by incorporating 
details on different rock units and the mode of their evolution Heron, (1953) classified 
the Pre-Vindhyan metamorphic rocks of Rajasthan into four divisions, the Banded 
Gneissic Complex (BGC), the Aravalli System, the Raialo Series and the Delhi 
System The BGC considered to be the basement on which the Ara\alli System was 
deposited with a conglomerate at the base in some places 
Detailed studies on the geologic, stratigraphic, structural and tectonic evolution 
of the area coupled with geophysical exploration in the last 30 years suggest that the 
structural fabric and stratigraphic relations are much more complex than what early 
geologists presumed ( Blanford, 1877 , Hacket, 1881 , La Touche, 1902 , Holland and 
Christie, 1909 , Heron, 1917, 1936, 1937, 1938. 1953 , Coulson. 1927 , Ghosh, 1932 , 
Fermor. 1930 , Gupta, 1934 , Wadia, 1949, Auden, 1952 . Iqbaluddin, 1965, 1978, 
1979, 1981, 1989 . Crawford, 1970 , Maharaja, 1976 . Bakliwal. 1978, 1987 , 
Krishnamurthy, 1980 . Banerjee, 1981, 1981a , Ramasamy, 1981 , Chaudhar>', 1984 , 
Farooqi, 1984 , West, 1987 , Duncan, 1988 . Bose, 1989 ) 
Raja Rao et al, (1971) reviewed the stratigraphy of the .Aravalli Region which 
lead to the recognition of three supergroups namely Bhilwara .Aravalli and Delhi 
supergroups Re\ isional mapping carried out by Geological Sur\'ey of India presented 
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as the synthesis of the Precambrian lithostratigraphy and tectono-magmatic 
sequence of the Aravalli Region by Gupta et al., (1997). According to Roy et al., 
(1981) and Gupta et al, (1997) the lithostratigraphic sequence of Aravalli Mountain 
Range indicate normal contact between the various lithological formation in the 
Aravalli-Delhi orogen Iqbaluddin, (1989) from the detailed study of part of the 
Aravalli Mountain Range identified thrust contacts between the various litho-tectonic 
units. 
CHAPTEE = 11 
DIGITAL IMAGE PROSCESSING 
General Statement 
The imagery is the record of the electromagnetic radiation (EMR) 
received from an object and converted into analog signal by using the digital 
image processing techniques The image produced through assignment of grey 
values to DN values is not the true rendering of the tones, hence the term imagery 
which distinguishes it from the photographs which exhibit true rendering of the 
tone (Lillesand and Kiefer, 1987 , Sabins,1987, Pratt, 1991 , Gonzalz and 
woods, 1992,Jahne, 1995) 
The digital image processing imolves conversion of the digital values to 
the grey values or RGB assignment to generate the imageries The digital image 
processing involves three steps namely, image restoration, image enhancement 
and information extraction The digital image processing (DIP) is carried out on 
the digital picture using various computer processing softwares 
The digital image processing was attempted for two windows of the IRS-
IB LISS-II data The data pro\ided by NRSA for IRS-IB are restored, hence the 
image processing was restricted to the image enhancement and information 
extraction by using the standard operations like fihering, edge enhancement, hue , 
intensity and saturation transformation (HIS), Hotelling transformation (Principle 
Components and its FCCs), ratio images and FCCs and other special FCCs which 
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were created by combination of the ratio image along with the principle 
component and HIS images 
Data 
The Indian Space programme is primarily oriented towards harnessing 
space technology for application to national development Indian Remote 
Sensing Satellite (IRS-IB) is the second in the series of operational remote 
sensing satellites that is serving the user needs in many fields such as in geology, 
agricuhure, forestry applications etc In this study two windows (512X512) of 
IRS-IB LISS-II data path/row (31/50), covering the area between Lat 25° 30'N 
to 26° 00 N and Long 73° 30' E to 74° 00 E in parts of AMR and Trans-
Aravalli area, Rajasthan were processed The data of 2nd April, 1996 
corresponding to four bands 1,2,3 and 4 were used IRS-IB is the second satellite 
in IRS series after IRS-1 A, its overall specifications are given in Table-1 
TABLE - I IRS-IB overall specifications 
Attitude 
Orbit 
Date of launch 
Equator Crossing time 
Sensor 
Spectral Band 1 
Spectral Band 2 
Spectra] Band 3 
Spectral Band 4 
904 km 
Sun-synchronous 
29, August, 1991 
10 00 AM 
LISS-I 
LISS-II 
0 45-0 52 Mm (Blue) 
0 52-0 59 Mm (Green) 
0 62-0 68 Mm (Red) 
0 77-0 86 Mm (NIR) 
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METHODOLOGY 
The objective of the image enhancement techniques is to processes an 
image so, the resulting image is more suitable than the original image for specific 
application (Gonzalz and woods, 1992) In this study two windows of digital data 
from IRS-IB LISS-II covering part of the study area were processed and 
interpreted These two windows cover the main orogrphic axis of the Aravalli 
Fold Belt (AFB) 
The data were transferred from the floppies supplied by the NRSA, 
Hyderabad in Band Interleaved by Line format (BIL) to Intergraph format 
The image processing was attempted at the Remote Sensing Applications 
Centre, Aligarh Muslim University .-Migarh, using DELL computer machine of 1 2 
GB hard disk, 32 MB RAM memory and super video graphic adopter monitor 
(SVGA) 
The four band images were generated from the source floppies using 
MGE Image Translator (IT) This software is the Modular GIS Environment 
(MGE) family issued by Intergraph Software Company, 1996 This package is 
based on Bentle> Microstation 95 and working within the MS-Windows NT as 
an operation system The second member of the MGE family is the MGE Base 
Imager (MBI) it was used for display and to combine the bands in FCCs using 
the RGB colour system It is also used to calculate and display the histograms 
and band stretching The third member in the MGE family is the Image .'\nalyst 
(lA) which is used in the image enhancement, image transformation and image 
ratioing 
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The image enhancement was carried out using the four bands data and 
their combinations to generate the various FCCs The filtering process was 
attempted for the FCC bands 4, 3 and 2 using the convolution filters comprising, 
Laplacian, Highpass, Kirsch, compass and edge preserving filters The image 
transformation was calculated to make suitable images for interpretation The 
hue, intensity and saturation images were generated through transformation and 
combined using RGB colour system to generate the FCCs The principle 
component analysis was attempted using Hotelling transforms, the PCI, PC2 , 
PC3 and PC4 were generated and combined using RGB colour system to 
generate the FCCs The band ratio images for the four bands, the PCs and the 
HIS were calculated using simple ratio, normalised difference and inverse ratio 
The resulting images were combined in FCCs using RGB colour system 
All these images were interpreted directly fi-om the screen using the 
photoelements and geotechnical elements The facsimile of each image was 
prepared for the interpretation of the lithology, geomorphological features and 
the structural elements of the study area 
Products and Results 
Single Band Linear Stretching 
The first three bands 1, 2 and 3 for each data file occupied the visible 
region of the electromagnetic spectrum representing blue, green and red 
respectively, while the fourth band occupy the near infi-a-red region of the EM 
spectrum The indisidual four bands were extracted fi-om the source data files and 
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linearly stretched to obtain higher contrast of the images (Plates- 2,3,4,5,6,7,8 & 
9). The linear stretch operation is directed to distribute the grey levels of the 
original histogram (which are generally restricted to a small segment of the DN 
values) to the entire range of 256 grey levels ranging from 0 - 255 The tails of 
the higher DN value represent the brightness and the lower DN values low 
reflectance from the objects (Sabins, 1987) The effect of the linear stretching is 
that the contrast of the original brightness values of the middle pixels is improved 
and towards the tails the contrast is lost 
In the band 1 linear stretched image calc-gneiss and granite are easily 
picked (Fig 2 & 6) The other lithounits are mixed with each other as a dark 
tone due to the reserved forest and vegetation cover in the Aravalli Fold Beh 
(AFB). The calc-gneiss occurs as elongated band with medium to light grey tone, 
banded texture, bounded by the quartzite ridges which are characterised by dark 
tone. In some places the calc-gneiss is intercalatory with the quartzite and is 
represented by the light and dark grey bands in the image The calc-gneiss shows 
85 to 97 DN values which distinguish it from the adjacent lithologies. The granite 
occurs as a lenticular and discordant intrusive, it is bare of vegetation and exhibits 
light grey tone The granite shows 110 to 123 DN values in the band 1 image 
In the band 2 linear stretched the calc-gneiss and granite are having almost 
the same recognition element as in case of band 1 (Plates- 3 & 7) The quartzites, 
and the calc-gneiss in association with ophiolitic sequence are showing dark grey 
to dark brown hue The darkness of the lithounits is due to intense and thick 
vegetation canopy which has obliterated the contrast between the DN values of 
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the various lithounits In linear stretched image of band 2 the contrast between the 
soil moisture zones and the Quaternary cover sediments has been lost due to 
stretching of the middle portion of the histogram The linear stretched image of 
band 2 show more or less the same information level as in case of band 1 data, 
band 1 data might prove to be more informative than band 2 data 
The linear stretched image of band 3 (Plates - 4 & 8) corresponding to 
0 62-0 68 |im, indicates that the histogram is less peaked, as>-nimetric with long 
tail towards the lower DN values and steep tail towards the brighter end of the 
grey level scale The band 3 linear stretched image is giving information about the 
lithounits present in the area Calc-gneiss, quartzite, granite, ophiolite, migmatite 
and calcitic-marble are clearly picked up from the stretched image of band 3 (Fig 
4 & 8). The migmatite is present in southeastern comer of the image, it is 
separated from the adjacent calcareous schist by absence of planar tectonic 
anisotropy in the migmatised terrain, brighter DN values as compared to the 
adjacent lithologies, its DN values are 198 to 213, the topography is erased and 
the resistance to erosion is moderate 
The calc-biotite-schist is characterised by medium grey tone, linear texture 
reflecting the penetrative regional foliation of the AFB The calc-biotite-schist and 
the calcareous schist are indistinguishable from each other in the image 
The calc-gneiss shows brown to light brown hue and occurring at different 
levels as tectonic slices within the AFB. Their recognition elements in the image 
are similar to band 1 and band 2 signatures The effect of vegetation cover is less 
marked in band 3 data linear stretched output ( Plate- 4 & 8) 
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The marble of the Ras Formation is clearly seen in the northern part of the 
image (Plate- 4) on the right bank of the Sukri river The marble is characterised 
by bright DN level 81 to 99, smooth texture, linear pattern and erased 
topography. The marble along the contact with the Quaternary cover exhibits 
slightly darker hue due to lithological impurities or higher moisture content along 
the litho-contact 
The granite has got the same shape, pattern and expression of the tone as 
in the linear stretched outputs of bands 1 and 2. 
The quartzites are characterised by dark brown to very dark hue in the 
image. The dark hnear bands are forming high resistant hogback ridges. The 
structural discordance between the various quartzite units is clearly brought out 
by tectonic dislocation planes (ductile shear/ thrust). The structural discordance 
between the quartzite bands is morphotectonic expression of the crustal 
shortening and stacking in the AFB. 
The ophiolite and associated mafic rocks in the image are characterised by 
linear dark ridges which have a thick forest cover These are not distinguishable 
from the quartzites in their morphotectonic expression because of their structural 
discordance with the associated metasedimentary sequence of AFB 
The linear stretched image of band 4 (Plates - 5 & 9) suggest asymmetric 
profile, the dark tail is ha\ing secondar>' peak in the histogram as a result the pixel 
with low DN values have been stretched over the grey scale 
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The lithounits and geomorphic features which are defined as hogback 
ridges in band 3 data are very clearly picked up from linear stretched band 4 data 
Granite, calc-gneiss, calc-schist, migmatite, quartzite and ophiolite are clearly 
seen (Fig 5 & 9) The marble and the Quaternary features characterised by higher 
brightness level are subdue in band 4 linear stretched image output 
The linear stretching of bands 1, 2, 3 and 4 data of IRS-IB was 
attempted to select the best band for lithological mapping of the various 
formational units and the accompany geomorphic elements The linear stretch of 
the bands 1, 2, 3 and 4 data resuhed in the redistribution of the histograms for the 
various bands The DN values in band 1 are more or less symmetrically 
distributed, in band 2 these are slightly asymmetric. The band 3 histogram has a 
long tail towards the lower DN value as a result the hard rock geology of AMR 
became more clear In the band 4 the DN values toward the dark tafl are more 
pronounced stretched image as a resuh the structural discordance between the 
various litho-tectonic units of the Delhi Supergroup are clearly brought out as a 
ductile shear zones 
The contrast in the bright pixels is lost in the band 4 image where as it is 
seen in bands 1, 2 and 3 It is epitomise that band 1 and other visible bands will be 
useful for geomorphic mapping, band 4 data will extremely be useful for mapping 
hard rock lithologies The FCCs with band 4 combination will be most 
informative for geologic mapping The FCCs involving band 1 data shall provide 
better interpretational capabilities to the image. 
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This exercise concludes that for the good geological interpretation of the 
area the FCCs which are having band 4 along with bands 3 and 2 or 1 shall be 
most informative, so the filter processing will be applied to the standard FCC 
bands 4, 3 and 2 for more detailed information 
Table- II presents the quality of various lithounits in the single band linear 
stretched. 
Table II 
Theme «-.^ 
Migmatite 
Calc-biot schist 
Calc-gneiss 
Calc-schist 
Calc-gneiss 
Mica-schist 
Granite 
Ophiolite 
Quartzite 
F. Mica-schist 
& Gneiss 
Marble 
Bandl 
Poor 
Poor 
Poor 
Good 
Poor 
Good 
Poor 
Poor 
Poor 
Poor 
Band 2 
Poor 
Poor 
Poor 
Good 
Good 
Poor 
Good 
Good 
Poor 
Poor 
Band 3 
Good 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Band 4 
Good 
Good 
Good 
Poor 
Poor 
Good 
Good 
Good 
Poor 
Good 1 
False Colour Composite Image 
The false colour composites were generated by assigning new values in 
terms of three primar\' colours RGB to the muhispectral image data of bands 1, 2, 
3 and 4 of the IRS-IB In the present processing the FCCs were generated by 
combining the three bands data from visible and invisible. In the FCC three bands 
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are assigned to the RGB related to red, green and blue tristimulus values of 
muitispectral image as function {¥i) of 
RD= 0 R { F , , F 2 , } 
GD= 0 G { F , , F 2 , } (1) 
BD= 0 B { F , , F 2 , } 
Where 0 R() , 0 G(.) and 0 B() are general functional operators, as simple 
example, the set of red, green and blue sensor tristimulus values [ R* = Fi, Gs = F2 
, Bs=F3] may be interchanged according to the relation (2), where RD, GD and BD 
are the new colour values of the pixels in the FCC image 
RD 
GD 
. Bi>, 
-Zl 
. 
0 1 0 
0 0 1 
1 0 0 
RS 
Gs 
Bs 
-(2) 
By this operation in the FCC original green objects will appear red, blue 
objects will appear green and red objects will appear blue in the standard FCC 
In the present study 10 FCCs (Plates - 10, 11, 12, 13, 14, 15, 16, 17, 18 
& 19) were generated using RGB colour system. The FCC with various bands 
combination for the IRS-IB data were interpreted on screen and the facsimiles 
were prepared using photographic and geotechnical elements as recognition tools 
The interpretational details of the digitally processed FCC outputs are presented 
in (Fig 10. 11. 12. 13, 14,15, 16, 17, 18 & 19) 
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In the FCCs the recognition elements for the various thematic units have 
common expression The function of the bands combination in the RGB colour 
system is expressed as variations in hue and saturation of the primary and 
secondary colours in the outputs The variation in the colours of the various 
thematic units have been used to map the spatial boundaries of the lithounits from 
the FCC 
In the standard FCC of bands 4,3 and 2 (Plates-10 & 11) the vegetation 
exhibits red colour, while the settlements show bluish colour The lithounits, 
migmatite, calc-gneiss, granite, ophiolite, quartzite, felspathised-mica-schist and 
marble are nicely mapped by their hue and other recognition elements in this 
FCC 
The migmatite is characterised by bluish green colour It shows moderate 
resistance to erosion, external drainage, dendritic to sub-dendritic drainage 
pattern, mottled texture, which distinguish it from the associated schist of the 
Kelwara Formation of the Gogunda Group The migmatite in the FCC of the IRS-
IB LISS-II data which developed in the southeastern comer of window no 1 is 
followed by schist which is characterised by erased topography, linear texture and 
bluish to pinkish hue The regional foliation is morphotectonically expressed as 
linear fabric following the NE-SW trend of the AFB. On the basis of the hue and 
colour saturation the schist can be distinguished into calc-biotite-schist 
characterised b\- bluish hue and calc-schist characterised by pinkish to daylight 
colour The saturation of the colour is low in the calc-schist as compared to the 
calc-biotite-schist in the rocks of the Kelwara Formation 
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The next unit which is very clearly seen in the FCC bands 4, 3, and 2 is the 
calc-gneiss of the Todgarh Formation of the Kumbhalgarh Group which occurs as 
elongated band forming a ridge features It is dark brown in colour representing 
combination of subtractive primaries At the base of the calc-gneiss the quartzite 
ridge is clearly seen as pinkish band separated by a valley with bluish hue The 
calc-gneiss shows banded texture, linear elongated outcrop pattern which stand 
out in prominent relief, it shows structural discordance with the overlying tectonic 
slices of the AFB which have been generally masked in the standard FCC by high 
saturation of the subtractive primaries yellow, cyan and magenta produced by the 
RGB combination in the FCC 
The ophiolite developed around Phulad with associated mafic rocks is 
distinguished b> its dark colour, high relief, sinuous pattern, pinch and swell 
outcrop pattern where it occurs surrounded by the Quaternary- cover sediments 
In the AFB the ophiolite is indistinguishable fi^om the associated metasedimentary 
sequence in the standard FCC because of the loss of the contrast due to dark 
colour of the vegetation cover in the FCC (Plates - 10 & 11) 
The granitic rocks occur as a lens in the western side of the AFB in plate-
10 and as lobes in the eastern part of plate-11 characterised by medium grey to 
pinkish hue which gi\ e an edge contrast with the dark rusty brown colour of the 
associated rocks of AFB The lack of the soil and vegetation covers and mottled 
texture distinguished it from the associated metasediments (Fig 10 & 11) 
On the right bank of the Sukri river the marble of the Ras Formation is 
exposed and is clearly picked up in the standard FCC by its bright colour of 
peacock blue which grades to pinkish hue towards the southwest whence from 
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the marble outcrop is lost under the alluvial cover. The maible is having relatively 
high resistance to erosion as compare to the surrounding rocks which have given 
it linear pattern following the NE-SW regional trend of AFB. The felspathic-mica-
schist occurs to the west of the Ras marble is clearly seen in the standard FCC by 
bluish hue, the sk)- blue colour is diagnostic of the felspathised rocks which occur 
as erased topography 
The processing of the IRS-IB LISS-II data througji change of band 2 to 
band 1 on the RGB system of colour assignment to different bands suggested 
that the effect of the colour assignment in the FCC of bands 3, 4 and 1 
combination (Plates - 12 & 13) is that the green hue of band 4 is more 
prominently displayed by the Quaternary cover sediments. The effect of colour 
saturation of band 1 is more pronounced in the leucoaatic rocks. The mafic 
constituents are characterised by dark brown to rusty brown colour combination 
in the AFB. 
In the second FCC image of bands 3, 4 and 1 ( Plate- 12 ) seven lithounits 
have been mapped from the image by their recognition elements, that is the 
migmatite, calc-biotite-schist, calc-schist, calc-gneiss, fdspathised-mica-schist, 
ophiolite and calcitic-marble of Ras Formation (Fig. 12). In the case of this FCC 
the diflFerence is in the hue, the recognition elements (texture, shape, drainage, 
resistance to erosion etc ) are same as in standard FCC of bands 4, 3 and 2 
(Plates-10 & 11) 
Migmatite. calc-schist and calc-gneisses are expressed as violet to bluish 
hue The colour and hue of these lithounits are determined by the colour 
assignment to band 1 and band 4 in the FCC (Plate - 12) The migmatites are 
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separated from the calc-gneiss and calc-schist by its mottled texture. The gneisses 
and schist are characterised by linear texture and development of foliation which 
is expressed as photo-trend lines in the FCC of bands 3, 4 and 1 (Plate - 12). The 
calc-gneiss of the Gogunda Group occurs as elongated band characterised by high 
relief and linear texture. The hue and colour saturation are determined by colour 
assigrmient to band 3 and band 1 The effect of band 4 is not very significant in 
the FCC (Plate-12) 
The mica-schist occurs in the northeast of the calc-gneiss characterised by 
light browTi to cyan colour The resistance to erosion is moderate The drainage is 
external and shows microlineament controlled with angular drainage pattern 
(Plate - 12). 
The felspathised-mica-schist and gneiss occupied the area north of Sukri 
river bounded in the east by the outcrop of Ras marble This area represents low 
density outcrop This lithounit is characterised by daylight white, violet to cyan 
hue The felspathised- mica-schist shows low resistance to erosion, and forms 
erased topography (Plate -12) The marble occurs as linear hill with moderate 
resistance to erosion This unit in the image represented by violet hue determined 
by colour assignments to bands 3 and 1 of the visible region 
In the FCC with bands combination 1, 4 and 2 (Plates- 14 & 15) the 
assignment of RGB has indicated that the hue and colour saturation of the 
QuatemarN is determined largel> by the colour assignment to band 4 data. The 
colour saturation and hue of the lecuocretic rocks are determined by the colour 
assignment to the \isible bands The AFB is represented by dark to dark brown 
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mixture of subtractive primaries produced as secondary colours in the FCCs 
(Plates-14 & 15) 
The schist, carbonate sequence and quartzite exhibit variable combination 
of the hue and colour saturation in shades of magenta and brown Depending 
upon the geotechnical characters the lithology have been separated into schist, 
quartzite and marble (Fig 14) The schist is characterised by the development of 
close spaced planar tectonic anisotropy exhibited as trend lines in the FCC of 
bands 1, 4 and 2 (Plates- 14 & 15) The quartzites and marble form magenta to 
brownish colour ridges The quartzite exhibits high resistance to erosion and 
forms ridges separated by narrow elongated valleys (Plates -14 & 15) The marble 
with relatively low resistance to erosion gave rise to subdued and erased 
topography in the area (Fig 14 & 15) 
In the FCC image of bands 1, 3 and 4 the blue is the dominant colour, the 
colour assigned to band 4 determined the Quaternary co\er, vegetation and 
moisture distribution in the FCC (Plates - 16 & 17). The high dense vegetation 
cover is represented by the light cyan to blue colour. The settlement exhibits 
brown colour 
The migmatite (Fig 16 & 17) is represented by admixture of cyan and 
violet characterised by the colour assignment to bands 3 and 4 The schist, marble 
and calc-gneiss are represented by variable shades of brown formed by mixture of 
additive and subtractive primaries generated by colour assignment of RGB to 
bands 1, 3 and 4 data (Plates -16 & 17) The AFB is masked by near equal 
combination of subtractive primaries of cyan, yellow and magenta produced in the 
FCC through combination of RGB 
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The FCC of bands 1, 3 and 4 (Plate - 16 & 17) is good for separation of 
calc-biotite-schist and calc-schist in the area The calc-schist is characterised by 
cyan blue and separated from calc-biotite-schist which is having admixture of 
violet and brown hue formed due to the prominence of bands 1 and 4 colour 
assignments in the FCCs (Plates -16 & 17) 
The calc-gneiss is nicely represented in the image by dark brown hue, 
laced by cyan hue of quartzite in the east (Fig. 16 & 17). The marble shows 
brown to magenta hue The geotechnical signatures of the lithounits are similar to 
the FCC bands 1, 4 and 2 (PI 15). 
In the FCC of bands 3, 2 and 1 (Plates - 18 & 19) which represents the 
\isible bands only, an interesting features seen in the FCC generated is that the 
overall perception of the output is determined not by the primary colour 
assignment RGB but by the subtractive primaries cyan, yellow and magenta 
produced by mixture of additive primaries. The effect is that lack in brown hue is 
more dominant in the scene than the primary colour 
In the processing of the visible bands combination only, the hue contrast 
between the migmatites and the calc-biotite-schist is lost. However, the contrast 
between the calc-schist and calc-biotite-schist is clearly seen The calc-schist is 
characterised by brown to light violet hue. The calc-schist occurs as band 
bounded by the calc-gneiss in the northwest and by the calc-biotite-schist in the 
southeast (Fig 18) exhibit light brown hue and banded texture The calc-gneiss 
occurs as elongated band with brown hue 
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The granite occurs as a lens, is nicely represented in this image by the 
broAvnish to golden brown hue, coarse texture and intrusive relationship with the 
metasediments of the AFB. 
The ophiolite bodies associated with the Quaternary cover show very dark 
hue in the FCC of bands 3, 2 and 1 image (plates- 18 & 19) These are 
recognised by their intrusive character and cross cutting relationship with the 
AFB. The ophiolites in the main AFB are not distinguishable from the associated 
metasediments due to the masking of the colour and content by the subtractive 
primaries produced by the RGB assignment to bands 3, 2 and 1 data (Plates - 18 
&19). 
Some outcrops of the felspathised-mica-schist and gneiss scattered 
showing coolwhite hue and banded texture (Fig 18). 
Table - III presents the quality response of various themes in different bands 
combination 
of the FCC's 
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Table- 111 
Migmatite 
Calc-biotite-
schist 
Calc-schist 
1 Calc-gneiss 
1 Calc-gneiss 
Mica-schist 
Granite 
Ophiolite 
Quartzite 
1 Felspathised 
Mica-schist 
& gneiss 
Calcitic marble 
& marble 
432 
Good 
Poor 
Poor 
Good 
Poor 
Good 
Good 
Good 
Good 
Good 
341 
Good 
Good 
Good 
Good 
Poor 
Poor 
Poor 
Poor 
Good 
Good 
342 
Poor 
Good 
Good 
Good 
Poor 
Poor 
Poor 
Poor 
Poor 
Good 
142 
Poor 
Good 
Poor 
Good 
Poor 
Poor 
Poor 
Poor 
Poor 
Good 
134 
Good 
Good 
Good 
Good 
Good 
Poor 
Poor 
Poor 
Poor 
Good 
321 
Poor 
Poor 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Filtering 
The filtering technique has been used in the digital image processing to 
eliminate trough blocking or passing energy either in spectral or spatial domain. In 
the present processing the MGE Base Imager (MBI) which works in spatial 
domain was used The spatial filter function to enhance or suppress the spatial 
ft-equencies which are expressed as roughness of tonal variation within the image. 
The image ha\ing high spatial frequencies exhibits high tonal roughness, 
that is the grey levels change in abruptly oNer a small number of pixels The image 
with spatial ft-equencies is smooth and the gre> levels vary gradually o\er large 
number of pixels 
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A marginal road or geological contacts will be characterised by tonal 
roughness and an agricuhural field or a formation unit will have a smooth 
expression in the image data 
The filtering is carried out to emphasise or suppress the roughness in the 
DN values by using lowpass or highpass filters. In spatial filtering the DN values 
of the pixels in the original image are modified by using the mask which are 
having odd number of pixels (3X3 , 5X5 , 7X7 etc.) The spatial filters are 
numerical schemes which provide mosing windows by passing over an image 
row by row and column by column The DN value of the central pixel in the 
window is modified by the grey level of the adjacent pixels The filters which have 
been used are basically based on the convolution. The convolution is obtained by 
multiplying each coefficient in the kernel by the corresponding DN values of the 
original image The resulting products are added up and assigned as the DN xalue 
of the central pixels The operation is perform for each pixel in the original image 
and a second image whose DN values correspond to the local average within the 
moving wandow at each position is created The convolution eflFect depend on the 
size of the moving window and the coefficient content within the kernel The 
range of the kernel size and the weighting schemes are limitless In the present 
study the fihering has been restricted to Laplacian, highpass , Kirsch. compass 
and edge preserving operators based on con\ olution 
Laplacian Filter 
Laplacian is a non-directional operator, it enhanced the linear features in 
all direction except the end direction of the fiher movement Any typical 
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Laplacian filter has a kernel in which the central pixel is positive, the comers have 
zero values and the central pixels in the edges have negative numbers. The sum 
total of the window used in Laplacian filter is zero. In this study the kernel used 
v^eghtage factor of: 
0 -1 0 ' 
-1 4 -1 
0 -1 Oj 
The Laplacian fiher was apphed to the FCC bands 4, 3 and 2 ( Plates- 20 
& 21) The effect of this operator on the image has enhanced the linear features 
like foliation, fault, fi-acture, lithological boundaries, roads, railway lines etc. (Fig 
20 & 21) By enhancing linear features more geological, geomorphological 
features, trend of dunes and litho-contacts between the migmatite and calc-
biotite-schist became mappable 
Its proposed that Laplacian fihers is a useful tool for mapping the 
microlineament of the area along wath the geomorphology and geology 
Highpass Filter 
The highpass filter functions to emphasise detailed frequenc> components 
and suppress low frequency information in spatial domain. The effect of highpass 
filtering is that lowpass filtered image is subtracted from the original unprocessed 
DN values of the image pixel by pixel This subtraction processes achieved by 
highpass filtering results in removal of the effect of low spatial frequency and 
highlight only high frequency pixels which results in enhancement of linear 
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features such as foliation, litho-contact, fault planes, joints, roads, railway lines 
etc. The aerial features within the spatial domains lose their details of hue and 
saturation, thus linear fiUering suppress the lithological information in the filtered 
output. (Plates - 22 & 23) and (Fig 22 & 23). 
The lithounits like calc-biotite-schist, calc-gneiss and quartzite ridges in 
the highpass filter image are easily picked up by their planar tectonic anisotropy 
and other recognition elements The main advantage of the highpass filtering that 
the mask of the dark brown colour over the AFB is lost due to this operation and 
caused enhancement to the ridges in the parts of the AFB, 
Kirsch Edge Detector 
The Kirsch edge detector is based on principle of edge template gradient 
generation (Pratt, 1991) Kirsch (1971) proposed directional gradient defined by 
Go.k) = MAX [j5S,-3T,|] where MAX from i=0 to i=7 
Where: 
Si = A^i) + A(i-)) + A<j-2) 
T i = A<,-,:s, + A<j-4( + A<,-5) + A<i-6) + A<i-7) 
Kirsch is an edge detector that applies two 3X3 kernel to each pixel 
neighbourhood The value that assigned to the centre pixel is the largest absolute 
value of two results The Kirsch operators were applied to the FCC image bands 
4, 3 and 2 (Plates- 24 & 25) The resulting images were totally different fi-om the 
original images Most of the lithounit boundaries have been lost b\ double 
convolution, only the contacts at the superface and the subface of the calc-gneiss 
of Todgarh Formation have been prominently brought out The Kirsch edge 
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detector due to row gradient and column gradient smoothening results in lose of 
information content in the filtered output. 
Compass Edge Detector 
The compass filter also refers as Prewitt filter is essentially a derivative 
fiher (Gonzalz and Woods, 1992) The filtering process is based on differentiation 
of pixels which tend to sharpen the image The Prewitt operator function as a bi-
directional edge detector which apply 3X3 kernel to each pixel provide new DN 
values for the central pixels 
In the present study the compass edge detector application to bands 4, 3 
and 2 (Plates - 26 & 27) data has resulted in the smoothening of the Quaternary 
cover The inhomogenities in the Quaternary cover caused by variable landuse 
pattern have been erased The Prewitt fiher is not of much used for extracting 
geological or geomorphological information The effect is to removed the 
directional contrast in the image. 
Edge Preserving 
The convolute edge preserving fihers smooth the image by replacing each 
pixel with an average value derived from one of nine kernels w hich applied to the 
neighbourhood of that pixel The average of the kernel with the smallest variance 
is placed in the output image the first and second kernels are passed over the 
image four times, each time rotated 90 degree to the previous pass. The third 
kernel is passed over the image once 
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This filter was applied to the FCC image bands 4, 3 and 2. In the output 
the effect of the edge preserving fiher (Plates - 28 & 29) is blurring of the image 
as compare to the FCC bands 4, 3 and 2 (Plates - 10 & 11) The information 
content in the two images is more or less similar (Fig. 10 & 11) as discussed 
under the FCC bands 4 , 3 and 2. 
Table -IV presents the appearance quality of each lithounit in various filtered 
images for the standard FCC. 
Table- IV 
"^---..Operator 
Theme"*"""-^ ^^ 
Migmatite 
Calc-biotite-
schist 
Calc-schist 
Calc-gneiss 
Granite 
Ophiolite 
Quartzite 
Felspathised-
mica-schist 
Marble 
Laplacian 
Poor 
Good 
Good 
Good 
Good 
Good 
Good 
Poor 
Poor 
HP 
Good 
Good 
Poor 
Good 
Good 
Poor 
Good 
Poor 
Poor 
Wallis 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Kirsch 
Poor 
Poor 
Poor 
Good 
Poor 
Good 
Poor 
Poor 
Good 
Compass 
Poor 
Good 
Good 
Poor 
Poor 
Poor 
Poor 
Good 
Poor 
EPre 
Good 
Good 
Poor 
Good 
Good 
Good 
Good 
Good 
Good 
Table -V shows the appearance quality of geomorphic and linear features in the 
study area with respect to the filtering operators of the standard FCC image 
bands 4,3 and 2 
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Table -V 
Theme ^ — ^ 
AFB 
Ma. Plain 
Me Plain 
Erosional Hill 
Erosional valley 
Hogback ridge 
Drainage 
Microlineament 
Trend lines 
Fault 
Laplacian 
V Good 
V Good 
V Good 
Good 
V Good 
V. Good 
Good 
V Good 
V Good 
Good 
Wallis 
Good 
Good 
Good 
Poor 
v.Poor 
Poor 
VPoor 
V.Poor 
Poor 
VPoor 
HP 
V.Good 
Good 
Good 
Good 
Good 
V.Good 
Good 
V.Good 
Good 
VGood 
Kirsch 
Good 
Good 
Good 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Good 
Compass 
Good 
Good 
Good 
Poor 
Poor 
VGood 
Poor 
Good 
Good 
Good 
E.Pre 
VGood 
V.Good 
VGood 
Good 
Good 
Good 
Good 
Poor 
Good 
Good 
Image Transformation 
The Hue, Intensity and Saturation Transformation 
The hue, intensity and saturation transformation (HIS) takes an image 
from the familiar Red-Green-Blue (RGB) colour system to the new system of 
Hue-Intensity-Saturation Hue represents the colour of the object , intensity is a 
function of the brightness , and saturation is the purity of the colour 
To distinguish one object from another by its colour brightness, hue and 
saturation transformation is generally used. As indicated brightness embodies the 
chromatic notion of intensity Hue is an attribute associated with the dominant 
wavelength in the visible window of EMR (Gonzalz and Woods, 1992). Thus hue 
represents the dominant colour as perceived by an observer, when we call object 
as green we are specifying its hue Saturation refers to the relative purity of the 
. INTENSITY AND SATURATIO 
PLATE - 30 
PLATE-31 
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colour or the amount of the energy BGR bands present in the DN values of the 
pixel in the image. 
Hue and saturation together are called chromaticity (Gonzalz and 
Woods, 1992) and therefore the colour is function of intensity and chromaticity. 
For any three R,G and B colour components, each in the range [0,1] , the 
intensity (I) component in the HIS model is defined as: 
I = 1/3 (R+G+B) (1) 
Which yield value from rai^e [0,1], the next step is to obtain hue (H) by; 
H = cos •' { 1/2 (R-G) + (R-B) / [ (R-G)^+ (R-B) (G-B)]''} (2) 
and saturation ( S ) = 1 - (3 / (R+G+B)) [ min (R,G,B)] (3) 
The HIS image transformation was attempted using MGE Base Imager. 
The H, I and S images were generated and the FCC was prepared by the 
combination of H, I and S images (Plates - 30 & 31). In the H, I and S FCC the 
vegetation features are clearly picked up by colour variations The high density 
vegetation is expressed by deep blue, the mixed medium density vegetation 
represented by reserve forest is expressed by magenta and low density vegetation 
by shades of pink in the HIS image (Plate - 30 & 31). The area without any 
vegetation cover are represented by parrot green 
Principle Component (Hotelling Transfomi) 
In most images the information content of the adjacent bands is nearly 
identical (highly correlated) The principle component transformation (PC) is used 
to decrease the amount of correlation between the bands of the data and maximise 
the differences between the bands The PC transformation generate a new set of 
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orthogonal ( non-con-elated ) axes in space (Fig. 24) such that the principle axis 
is oriented through the long dimension of the ellipsoid and the secondary and 
tertiary axes define con-espondingly smaller distributions or densities of data 
points corresponding to an ellipsoid. This transformation can be performed on any 
number of bands ( Sabins, 1987 , Pratt, 1991). The Hotelling transforms is based 
on the statistical properties of vector representation (Gonzalz and Woods, 1992). 
MGE Image Analyst for principle component analysis adopted algorithms 
for Hotelling transform. The PC images were generated for the IRS-IB, LISS-II 
data for the two windows covering the AFB in the study area. The remotely 
sensed data of bands 1, 2, 3 and 4 were used in various combination to generated 
the PC values for the different bands. 
The PC 1, PC2, PC3 and PC4 were combined in three bands combination 
of RGB colour system assignment to produce the PC FCCs (Plates- 32, 33, 34, 
35 & 36) The PC analysis has been found to be very useful for structural 
mapping of the AFB and this has removed the effect of the vegetation cover and 
highlighted the hard rock structural framework of the AFB which clearly brings 
out that the AFB has been evolved by stacking of the litho-tectonic units during 
the processes of the crustal shortening (Fig 25,26, 27,28 & 29 ) 
Band Ratio Image 
The band ratioing is an operation in digital image processing which carried 
out to decrease the correlation in the DN values of the pixels in the various bands. 
It has been observed that the pixels show strong correlation in the DN values in 
the visible range of the EMR The ratioing operation involves dividing the DN 
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value of pixel in one band by the DN value of the pixel in the other band, pixel by 
pixel to obtain new number for the pixel values 
The ratio images were prepared by using simple ratios between the bands, 
normalised difference ratios and inverse ratios ( which are reciprocals of the 
ratio) 
DN of Ratio Image = (DN of A / DN of B) 
and 
DN of Ratio Image = (DN of A - DN of B) / (DN of A + DN of B) 
and 
DN of Inverse Ratio = 1 / DN of Image Ratio 
Number of combinations of the band ratios, normalised band ratios, ratios 
of the PC and the band value were attempted during the processing of the data for 
the two windows of the AFB It is observed that the effect of the band ratioing 
has eliminated the subtractive colour of the NCgetation cover in the images The 
band ratios were combined to generate the FCCs with various combination under 
the RGB colour assignment The DN values of the band ratios were stretched 
between 0 to 255 levels and combined into FCCs (Plates- 37, 38, 39. 40, 41, 42, 
43, 44 & 45). 
The ratio images have been used with success for mapping the 
microlineaments, trends of the dominant planar tectonic anisotropy. the litho-
tectonic units and thrust planes in the AFB (Fig 30 & 31) 
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Special FCCs 
During the course of processing the IRS-IB data exotic combination 
were made using H , I, S , PCI , PC2 , PC3 , PC4 , Bl , B2 , B3, B4 and ratio 
bands. These combination give some interesting and some times perplexing 
outputs Some of the outputs have been included in the present study as these 
might be useful for thematic extraction of the landuse, agricultural, water resource 
and soil moisture information (Plates- 46,47, 48, 49, 50, 51, 52, 53, 54 & 55) 
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CHAPTER «III 
GEOMORPHOLOGY 
General Statement 
One of the earliest comprehensive accounts of the regional 
geomorpholog> of the Aravalli Mountain Range (AMR) has been given by Heron, 
(1939, 1953) He was able to describe the morphology of the landforms with a 
vividness which to this date is unsurpassed. His observations provide the basis for 
all subsequent studies Sen, (1972) and Mathur et.al.,(1976) have attempted a 
regional study Others, (Ghosh, 1975 , Pareek,1975 , Roy, 1975) have restricted 
themselves only to isolated studies Geographers, Misra, (1967) have proposed a 
comprehensive physiographic classification and made an attempt to elucidate the 
geomorphic evolution of the terrain 
The geomorphological studies of the Aravalli Mountain Range (AMR), 
Rajasthan were carried out using remote sensing technique with an objective to 
use it as a constraint to forward modelling of gravity anomalies 
Satellite data pertaining to LAND^AT 5 TM FCC Bands 2, 3 and 4 on a 
scale of 1:250,000 with a resolution of 30m has been used in the present study 
The study area covering parts of the AMR and Thar Desert, lies between 
Long. 73°:00' E to 75°:00' E and Lat. 25°:15' N to 26°:15' N in Rajasthan 
State, India 
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An integrated approach has been adopted in the preparation of the 
georoorphological map which combines (i) geomorphological interpretation of the 
area from LANDS AT 5 TM FCC Bands 2, 3 and 4 of the area on 1:250,000 
scale, (ii) preparation of base map on the 1:250,000 scale from Survey of India 
toposheets Nos.45 G, F, K and J (iii) study of the 1:250,000 scale geological map 
of Ri^ asthan and Gujarat for lithological base and (iv) secondary data collected 
from literature 
Visual interpretation technique in conjunction with digital image 
processing (DIP), was applied during the course of the study. It helped to 
delineate various landforms and geomorphic zones present in the area (Fig. 32). 
Scope of The Study 
The geomorphological study was attempted to identify the exogenic and 
endogenic processes which can be helpful in understanding the geotectonic 
evolution of AMR. 
The remote sensing application was carried out for qualitative 
geomorphology. This qualitative approach provides description of the terrain 
features identified through the image interpretations The landforms 
characteristics of the area were recorded through visual interpretation of the 
remotely sensed data The image characteristics, tone, pattern, texture, form, 
relief etc were recorded to describe the terrain elements qualitatively, which 
comprise the geomorphic zones 
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The output was registered on the base map of 1:250,000 scale The 
geomorphological elements were plotted on the base map using line symbols and 
annotation to generate the geomorphological map of the area 
Geomorphic Zones 
The area has been classified on the basis of ahitude, morphology and 
exogenic processes It has been subjected to poly-cyclic weathering and erosion 
These exogenic processes are manifestation of the endogenic processes and 
are expressed as planar (planation) surfaces whose morpho-tectonic signatures 
are expressed as accordance of summits in the profile The landforms associated 
with the planar surfaces are mostly erosional structures. Associated with these are 
aeolian, fluvial and coluvial deposits which possibly represent the youngest events 
in the geomorphic evolution of landscape in the AMR and its adjacent areas. 
In the present write-up the geomorphic zones have been delineated on the 
basis of aliimetry The geomorphic elements have been recognised on the basis of 
morphology and the erosional and depositional processes which have controlled 
the geomorphic evolution On the basis of altimetry, the area has been divided into 
three geomorphic zones, namely, the Aravalli Fold Belt (AFB), Mewar Plain 
(Me.P) and Marwar Plain (Ma P.) in descending order of chronology The 
geomorphic evolution of the terrain has been sculptured by planation cycles 
manifested by various planar surfaces Lithology and structure have played 
dominant role in carving out the present configuration of the landforms. Each 
geomorphic zone is characterised by different geomorphic elements and relief 
characteristics 
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AravaUi Fold Belt (AFB) 
The Aravalli Fold Belt is the classical example of the Preterozoic folded 
mountain belt which comprises the anticlines and synclines. The ridges occur as 
linear hogbacks alternating with erosional valleys. It extends as long, linear and 
parallel Their width from east to west, varies from 10 -20 km. The AFB is 
separated from Mewar Fflln by a zone of erosional hills and from Marwar Plain 
by buried pediment The AFB has a relief of about 200m, the base being defined 
by 400m and top by 600m contours. At places the peaks have 800m to 900m 
elevation above the MSL. 
Tectonically the area is highly deformed characterised by the development 
of strong foliation, profiise joints, numerous faults and complex superposed 
folds (Heron, 1953 , Naha et al., 1966 a, b , Gupta et al, 1981 , Saha, 1986 ). 
The sub-tropical location, arid to semi-arid climate, sparse vegetation, thin 
or no soil cover and extensive outcrops make the Aravalli Fold Belt (AFB) ideally 
suitable for visual image interpretation The differential erosion and resistant 
nature of the rock has resulted in the development of complex geomorphological 
elements within the AFB which have been described as structural hills, ero»onal 
hills, erosional valleys and hogbacks. 
Mewar Plain (Me. P.) 
To the southeast of the Aravalli Mountain Range, the rolling plain largely 
occupied by the Bhilwara Supergroup reaching the maximum elevation of about 
400m, has been mapped as Mewar Plain In the study area this zone starts from 
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the margin of the AFB extending to the eastern part of the study area as 
peneplained landmass comprising gneisses, granites and metasediments of the 
Bhilwara Supergroup. The landscape has been carved by erosion. The monotony 
of slope has been punctuated by erosional hills, valleys, and ridges which stand 
out in an otherwise erased topography of Mewar Plain rising to 550m elevation 
above the MSL, in the eastern shadow of AMR, which forms the distal frontier of 
the first order divide between the Bay of Bangal and the Arabian Sea 
(Heron, 1953) 
The slope of the Mewar Plain in the study area is moderate at the foot of 
the Aravalli Mountain Range. It is gradually became gentle towards the east. The 
area is drained by tributaries of the Berach and the Banas rivers which join the 
Yumna and eventually through the Ganga river to the Bay of Bangal. The 
western part of the Plain is higher and is developed into rolling rocky pediments 
and erosional hills 
Marwar IMain (Ma. P.) 
The expanse of semi-arid land to the west of AMR has been referred as 
Marwar Plain (Heron, 1953) The Marwar Plain on the basis of the ahitude and 
morphological considerations is divisible into three geomorphic units, namely, the 
western pediplain, the buried pediment and the sand spread, adjacent to the AMR 
I- Western Pediplain 
The Piedmont zone developed in front of the AMR in the Trans-Aravalli 
region to the west of the Aravalli orographic axis. The piedmont zone comprising 
gravely detritus was formed by coalescence of the talus fans. This piedmont zone 
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has been eroded and levelled to a flat westerly sloping plain which has been 
designated as Western Pediplain (WPP). The superimposed drainage emerging 
from the Aravallis towards the Arabian Sea has subdued the surfacial monotony 
of the Western Pediplain The boundary between the Western Pediplain and the 
AFB is defined by the tectonic grain of the Aravalti frontal fault, seen near Dasuri, 
Ranakpur etc In the east it is defined by a lineament manifested as points of 
convergence of the streams and geomorphic break between the buried pediment 
and piedmont zone, comprising reworked gravel with admixture of sand 
The boundary of the piedmont zone and the buried pediment geophysicaly 
is an endogenic grains which coincides roughly with the suture between the Trans-
Aravalli block and the Bundelkhand block represented by the Aravalli Fold Belt 
The boundar>' of the piedmont zone and the buried pediment in the west is thus a 
first order boundary between the lithospheric plate in the east represented by the 
Bundelkhand block and comparatively higher density represented by the Trans-
Aravalli block characterised by positive gravity Bouguer anomaly (Qureshy,1964) 
In the LANDSAT 5 TM FCC this geomorphological unit is characterised 
by light brownish colour, banded smooth texture and external drainage In the 
IRS-IB space data, standard FCC the WPP is characterised by greenish-white 
hue and scattered vegetation pattern along the stream valley 
II- Buried Pediment 
The Trans-Aravalli block (Qureshy and Iqbaluddin, 1992) occurs as an 
exotic block characterised by sub-horizontally disposed sediments of the Marwar 
Supergroup and younger sedimentries of Mesozoic and Tertiary ages overlain by 
the Quatemarv' aeolian sand spread The Trans-Aravalli block has remanent of the 
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bimodal volcanisms represented by the basaltic flows of the Bambolai in Pali 
district and rhyolites of the Malani volcanics The rhyolites and basaltic flows at 
places have given rise to erosional hills which form mesas In the areas where the 
cap rocks have been eroded, the Trans-Aravalli block has been striped of the 
sedimentary cover and the basement has been eroded to an extent of over 50m 
giving rise to a rock cut platforms which occur as a pediment in the western 
shadow of the AMR beyond the piedmont zone (which now occurs as pediplain) 
This pediment has been covered by a thin veneer of gravel and sand admixture 
giving rise to buried pediment in the area between Spjat and Pali 
Structural HiUs 
The structural hills are mapped in the Aravalli Fold Belt and Mewar 
Plain. These are morphotectonically controlled by folds, foliation and bedding, 
which have determined the trend of the ridges constituting the structural hills In 
the FCC the structural hills are characterised by directional stability of axial plain, 
foUation and the strike of bedding 
The hills follow NNE-SSW to NE-SW trend and constitute the most 
dominant landforms which are made up of quartzites and schists and associated 
igneous rocks of the Bhilwara, .Aravalli and Delhi supergroups Their trend is 
controlled by the dominant competent lithology, which has provided skeletal 
support to the geomorphic element in the AMR and the Mewar Plain 
In the FCC of LAXDSAT 5 TM Bands 2, 3 and 4, the structural hills are 
characterised by brownish hue and banded texture The drainage is trellis to 
subdendritic In the FCC of the IRS-IB bands 4, 3 and 2, the structural hills are 
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characterised by dark brownish hue, banded texture and linear pattern The 
drainage is trellis to subdendritic 
On the basis of the morphology, the area has been classified as below 
I - Hogback Zone 
The hogbacks are developed conspicuously along the structural hills in the 
AFB and the Mewar Plain. These are characterised by symmetrical profile and 
hard resistant lithologies which are dipping steeply to sub-vertically towards 
northwest in the area The hogbacks are seen prominently in the areas where 
ahemate banding of quartzite, schist and phyllite is present in the metasedimentary 
sequence (Fig 32 & 35) 
The hogbacks are characterised by brownish-red hue and banded texture 
(on the obsequent slope) and trills drainage pattern, the first order channel are 
sub-parallel, the length of the first order channels on the dip and obsequent slopes 
are nearly equal which indicate their symmetrical profile of the geomorphic 
elements m the Aravalli Fold Belt hogbacks 
n - Erosional Valleys 
In some places on the Aravalli Fold Belt, the erosional valleys are carved 
out by erosion and weathering along the crustal grains of Aravalli Fold Belt, 
especially in the area which have phyllite lithology. The erosional valleys are 
morphotectonicall> controlled by foliation and bedding trends , and locally by 
strike fauhs Morphologically the erosional valleys are expressed by the 
de\elopment of linear channels of second and / or third order streams and 
negative relief with the AMR 
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In the FCC these are manifested by light greenish-white colour and rough 
texture to banded in some places. 
in - Erosional Hills 
The granite characterised by fracture-controlled, sub-dendritic drainage 
pattern, round topography occurring above the rocky pediment with the relief 
carved out dominantly by exfoliation, weathering, has beeii m24)ped as erosional 
hills. In the study area this geomorphic element occurs in the south-east of 
Beawar where the Giyangarh-Asind Granite forms the erosional hills. The 
erosional hills are differ from the adjacent topogrq)hy on the basis of their higher 
relief^  lithological inhomogeneity of the granitic bodies with the surrounding 
metasedimentry and meta-volcanic sequences which is exhibited as a hue contrast 
between brown and yellowish-white to yellowish-green of granite bodies 
IV - Eastern Pediment 
To the east of the AMR occurs hummocky topography This zone of 
rodky waste occurs as a partition between the Mewar Plain and the AMR 
Topographically this forms the Eastern Pediment \^^ch is relict of planation cycle 
as indicated by the accordance of the lobel humps of the pediment zone On the 
ground the smoothness of the geomorphic surface has been erased by 
development of the fracture controlled drainage and covered by the rocky waste 
which occurs as loose material from the subcrops of granite, marble, quartzite and 
amphibolite in the area 
The Eastern Pediment represents stage in pediplanation where the 
levelling cycle of humid phase has been arrested by the advent of arid 
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environment The signatures of aridity are seen as angular sharp outcrops in the 
area fringing the Aravallis. 
In the FCC the Eastern Pediment is characterised by greenish-brown hue, 
and uneven texture. 
Aeolian Landscape 
The area to the west of the AFB is forming part of the Thar Desert. The 
hard rock geology of Marwar Plain is covered by aeolian deposits which are 
ubiquitously present in the north western part of the study area The aeolian 
landscape has prominently developed between Sardar Samand and Jajiwal Railway 
Stations in the study area The Quaternary deposits are represented by calcretes 
which occur below the aeolian sand spread. The sand has been reworked to give 
rise to longitudinal, transverse and parabolic dunes, some of the dunes have 
stabilised and some are in dynamic state The area represents the fringe of the 
Thar Desert at the arid-semiarid interface in part of Pali and Johdpur districts of 
the study area 
Calcretes 
The calcrete is a fine grained sliciclasts embedded in micritic cement. This 
occurs in the subcrops below the sand spread and in the interdunal depressions in 
the area 
Sand Spread 
The sand spread in the study area is seen between Sardar Samand and 
Jajiwal Railway Stations occurring as a veneer over the calcrete and the basement 
rocks The sand spread in the study area forms the northern extension which is 
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connected in the southwest with the Gulf of Kutch and in the north with the Thar 
Desert of Pakistan covering parts of Indus river basin in the Sind provenance 
The sand is aeolian in general The provenance of the sand in the Trans-
Aravalli region has been considered from multiple sources. Baneerjie, (1984) 
considers the source to be the flood plain deposits of Indus and Luni river systems 
with material from the Trans-Aravalli region and sand from the coastal zone of 
the Rann of Kutch Grainometrically the sand is fine to very fine, the roundness is 
dominantly sub-angular to sub-rounded. The sphericity in semi-quantitative 
estimation can be described as high. Mineralogically, quartz is the dominant with 
hornblende, feldspar, garnet, magnetite, limonite, goethtite, clay, carbonate, silt 
and clay pellets are minor constituents. 
Stabilised Longitudinal Dunes 
Long chains of closely spaced parallel sand dunes comprise stabihsed 
deposits of longitudinal dunes These parallel dunes grade into intersecting ridges 
at low angles thereby increasing the mtervening inter-ridges area of sandy spread 
The coalescence of the sub-parallel ridges has given rise to the stabilised 
longitudinal dunes in the area which extend from Sardar Samand following SW-
NE trend The ridges rise to an elevation of 20m from the ground surface. The 
continuity of the ridges has been punctuated by drainage channel and blow-out at 
places along the strike of the longitudinal dunes The longitudinal dunes are 
separated by elongated interdunal depression which in the Remotely Sensed data 
exhibit banded texture and tone The variation due to the lack of moisture and 
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vegetation cover in the interdunal depressions and the dunal crests is expressed as 
brightness contrast in the images 
Stabilised Transverse Dunes 
The stabilised transverse dunes are seen in different places between the 
longitudinal sand dunes. The transverse dunes are characterised by gentle south-
westerly slopes and steep northeasterly slopes. The transverse dunes more than 
the longitudinal dunes have developed in the areas where the wind regime has 
directional variability The slip face is one and towards the northeast. The 
movement of the elastics population wherever present is forward Locally the 
transverse dunes are at acute angles to the longitudinal dunes This shows 
symmetrical profile The surface morphology lacks any slip faces The structures 
correspond roughly to zibar. The zibars are commonly seen in the area around 
Bisalpur and Birami The stabilised dunes plain views correspond to parabolic 
geometr>- In the area where the Thar Desert has been destabilised because of the 
anthropogenic stresses, the migration has been forward. The major control has 
been transverse unimodal wind regime and constant sand supply from the 
destabilised transverse ridges 
The Barachan has well developed slip faces towards the northeast. The 
horns are characterised by high DN values than the main windward face which 
exhibit physical continuity with the stabilised transverse dunes and zibar 

GEOLOGY 
General Statement 
The basic framework of the Precambrian Geology of the study area has 
been worked out from the available literature, image interpretation of the 
LANDSAT 5 TM FCC of bands 2, 3 and 4, Path/Row 42/148 (Plate - 1) and 
selective ground survey The objective of this study was to collect data on the 
surface geology and integrate it with the gravity data to map the third dimension 
through construction of the permissible geological cross-section, corresponding 
to the surface geolog>' 
The Precambrian stratigraphy of the study area (Fig. 35) between 
Long. E 73°:00' to E 75°:00' and Lat. N 25°: 15' to N 26°; 15' can be assigned to 
three geological cycles on the basis of the lithostratigraphy, deformational history 
and tectono-magmatic events, which have been referred as Bhilwara, Aravalli and 
Delhi geological cycles (Gupta et al, 1997). The lithostratigrphic account of the 
Precambrian rocks referable to Bhilwara Supergroup (> 2 5 by), .Aravalli 
Supergroup (2 5-2 0 by.) and Delhi Supergroup (2,0-0 83 by) as seen in the 
study area has been presented. The lithostratigraphic nomenclature adopted by 
the Geological Surve> of India (Gupta et al, 1997) has been followed in the 
present study 
GO 
Geological Set-up 
The Precambrian lithostratigraphy and igneous events of the Bhilwara, 
AravalU and Delhi supergroups based on the tectonic and depositional 
environments, deformation, metamorphism and local relationship of superposition 
have been delineated into various groups following the code of stratigraphic 
nomenclature adopted by the Geological Survey of India (Anon, 1971 ; Gupta et 
al, 1981). Table- VI presents the local stratigraphic sequence of the study area 
Bhilwara Supergroup 
The Bhilwara Supergroup comprises the metasedimentary sequences with 
migmatitic complex and igneous intrusives representing the geological cycle older 
than 2.5 by (Gupta et al, 1997). The Bhilwara Supergroup includes meta-
pelite, quartzite, meta-proto-quartzite, meta-conglomerate, meta-gre>'wacke, 
meta-dolomite, marble, calc-silicate-schist, paragneiss, para-amphibolite, kyanite-
sillimanite-schist, calc-schist, calc-gneiss, mica-schist, synsedimentary meta-
volcanics, felspathised-mica-schist, gneisses, migmatite composite gneisses, 
granite, granite gneiss, granodiorite, chamockite, norite, enderbite and ultra-
mafics The rocks attained progressively higher grade of regional metamorphism 
from green schist facies on the east to granulite facies towards the west and have 
undergone syn-tectonic migmatisation. The rocks of the Bhilwara Supergroup are 
overlain in the west by Aravalli rocks in the southern part of the study area and 
Delhi rocks in the north with a first order erosional unconformity (Fig 35) 
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The Bhiiwara Supergroup in the study area is represented by the Hindoli 
Group, Mangalwar Complex, Sandmata Complex and Pur-Banera Group The 
rocks of the Bhiiwara Supergroup to the west of Hindoli have been migmatised 
and subjected to regional metamorphism corresponding to intermediate pressure 
amphibolite facies, these sediments have been referred as Banded Gneissic 
Complex (Heron, 1953) The latter work (Gupta et al., 1997) separates the 
Banded Gneissic Complex into Mangalwar Complex and Sandmata Complex on 
the basis of metamorphic isograd. The migmatised sequence regionally 
metamorphosed to intermediate pressure amphibolite facies has been included 
into Mangalwar Complex , and the sequence exhibiting regional metamorphism to 
amphibolite-granulite facies corresponding to high pressure and temperature 
conditions has been included under the Sandmata Complex. 
Hindoli Group 
The predominantly argillaceous flysch-like sequence metamorphosed to 
low grade regional metamorphism corresponding to green schist facies 
following the NNE-SSW regional trend has been mapped as Hindoli Group. The 
group derives its name from the Hindoli town where the tN^ pe section was 
established (Gupta et al, 1997) 
The rocks of the Hindoli Group in the study area are exposed in the 
south-eastern comer of the map These comprise phyllites and slates locally 
shales with thin bands of quartzite which is at places pebbly and conglomeratic In 
the study area the Hindoli Group is represented by Bhadesar Formation 
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Bhadesar Formation 
The low grade metamorphics juxtaposing with the Berach Granite have 
been included under the Bhadesar Formation of the Hindoli Group The rock of 
the Bhadesar Formation in the area have patchy exposures. The phyllites and 
slates are greenish grey to purple in colour. The slaty rocks are grey to steel grey 
in colour. These at places exhibit schistosity defined by sericite and chlorite, 
locally pyrite and magnetite crystals are present as porphyroblasts, 
Quartzite occurs as thin intercalations within the argillaceous sequence of 
the Bhadesar Formation The quartzite is white to greyish white in colour. 
Locally the weathered surface is brown in colour The quartzite is generally 
structureless completely recrystalised. The bedding has generally obliterated due 
to recrystallisation, only at a few places near contact with the phyllites the 
bedding can be recognised The cement and clastic grains exhibit optical 
continuity Fine cross bedding and ripple marks are observed at a few places 
indicating west to northwest palaeo-currents Locally well rounded pebbles of 
quartz measuring 0.5 cm to 2 cm are seen within the quartzite 
The rocks of the Mangalwar Complex have enclaves of the chemogenic 
stratigraphy with clastogenic intercalation which has been assigned to the Pur-
Banera Group The Mangalwar and Sandmata complexes have been considered 
as coeval with the Hindoli Group and the calc-silicate sequence of the 
chemogenic stratigraphy have been assigned to the Pur-Banera Group 
In the FCC two type of rocks can be identified by their photo-character in 
the formation, the slates and phyllites are light greenish to light brown in colour 
and show banded texture The quartzite is characterised by the light brown to 
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light grey colour, banded to uneven texture, linear pattern, occurring as 
elongated bands in shape The area occupied by the rocks of this formation has 
medium to low drainage density with trellis pattern. The erosion is moderate to 
low. The quartzite form higher topography outcrops. 
Mangalwar Complex 
The heterogeneous assemblage of dominantly argillaceous sequence 
deposited during orogenic phase of the Bhilwara Geological Cycle, regionally 
metamorphosed to intermediate pressure amphibolite fades and syntectonically 
migmatised has been included under the Mangalwar Complex The neosometic 
and paleosometic components are so intricately intermixed and juxtaposed that 
separate mapping of each component is difficuh. The complexly folded and 
polymetamorphosed assemblages of schist, gneiss, migmatites, quartzite and calc-
silicates have been assigned to the Mangalwar Complex, named after the 
Mangalwar \allage, where the type section was studied (Gupta et 
al,1997). 
In the study area the rocks of the Mangalwar Complex can be referred to 
the Potla, Suwana and Kikri formations (Gupta et al., 1997) The rocks of the 
Mangalwar Complex are separated in the east from the Hindoli Group by 
metamorphic isograd and with the Berach Granite by intrusive contact In the 
west they juxtapose with the Sandmata Complex , the contact with the Sandmata 
Complex is not clear The boundary has been inferred on the basis of the 
geomorphic linear and isograd between the amphibolite-granulite facies rocks of 
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the Sandmata Complex and the intermediate pressure amphibolite facies 
metasediment of the Mangalwar Complex. 
Potla Formation 
The pelitic rocks which are metamorphosed to intermediate pressure 
amphiboHte facies (but not migmatised) have been included under the Potla 
Formation The rocks of this formation occur as patchy exposures around 
Bhilwara, in the study area. 
In the west and the northwest its contact with migmatites of the Kekri 
Formation and with rocks of Sandmata Complex is metamorphic isograd The 
contact of Potla Formation with the Aravalli Supergroup is an unconformity 
The formation comprises biotite-schist, dolomite and amphibolite The 
schist is mostly grey in colour Muscovite exhibits preferred orientation, 001 
planes are parallel to the regional foliation Quartz shows undulose extinction and 
is flattened along the schistosity plane 
In the FCC these rocks show light brown to pale white colour, banded 
texture, v^th arcuate shape of the exposure. The drainage exhibits moderate 
density with trellis pattern. The rocks are highly eroded and peneplained The 
diverse lithologies have been erased to planar surface, which is covered by soil 
The outcrops are patchy and isolated 
Dolomite occurs at a few places and is greyish to dark grey in colour In 
the weathered surfaces the dolomite is harshly etched, the differential weathering 
between the carbonate and the recrystallised silica veinlets have given rise to rusty 
brown, uneven surfaces The banding in the dolomite is prominent It is well 
bedded and well jointed The dolomite occurs as linear ridges within the 
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peneplained schist forming prominent ridges which follow the regional foliation of 
the area. 
In the space data the rocks show light grey to Ught brown colour, banded 
texture and linear pattern, occurring as a band. The area occupied by this rock 
exhibits external drainage with low to moderate drainage density 
Amphibolite exposed at places in the area, showing variation from well 
foUated to coarse gneissic type. It is greenish black to dark and medium to coarse 
grained comprising hornblende which is the chief constituent with subordinate 
feldspar. Garnet is common accessory. 
In the image the rocks show light greenish to grey colour and banded 
texture The outcrops are small elongated with moderate resistance to erosion 
The trend of the outcrops is morphotectonically controlled by foliation The 
drainage is external and density is low, the rocks have smooth and erased surface 
expression in the imageries 
Suwana Formation 
An assemblage of impure calcareous sediments regionally metamorphosed 
to amphibolite facies exposed around Bhilwara were initially mapped as Aravalli 
system by Heron, (1936) They were latter included into the Suwana Formation 
of the Bhilwara Supergroup (Gupta et al, 1997), and have been mapped from 
Akola in the northeast to Neori in the south-west (Fig 35) The rocks of the 
Suwana Formation are separated from the Potia Formation on the basis of 
dominance of the amphibolite and calc-silicate In the east they abut against the 
Berach granite and gneiss In the west it is bounded by Potla Formation, thus the 
Suwana Formation occurs as enclaves of amphibolite and calc-silicate rich 
105 
metasediments constituting the Bhilwara plains The Suwana Formation 
comprises amphibolite, mica-schist, calc-sihcate rock and quartzite The 
amphibolite is the most important and principle constitute of the formation. The 
outcrop density is low, exposures are generally seen in the nala sections. The 
amphibolite occurs as interbeded with mica-schist on the granitised 
metasediments The amphibolite, schist and granitised metasediments are 
structurally conformable No cross cutting relationships have been recorded. The 
granitised rocks represent the latter phase of metamorphic evolution in the 
Suwana Formation. Locally about 2 km east of Suwana, enclaves of amphibolite 
are seen with the granitic rocks. The amphibolite is greenish grey in colour, well 
foliated comprising dominantly of hornblende, plagioclase, quartz is common, 
garnet and sphene are present as accessory The amphibolite exhibits colour 
banding defined by hornblende rich and F-Q rich bands. The plagioclase at places 
having zoning comprising oligoclase and andesite. The hornblende showing 
preferred orientation parallel to the original fohation Gupta et al, (1997) 
proposed that the amphibolite of the Suwana Formation may be volcano-
sedimentary assemblage which has undergone so much reconstitution and 
recrystallisation that evidence support to be of volcanic origin are lost 
In the space data the amphibolite is characterised by light grey to 
greenish colour and banded texture with moderate erosion resistance 
Mica-schist occurs in close association with amphibolite The outcrop 
density is low and it forms monotonous plain covered by soil which at places is 
black cotton soil type derived mainly by in site of weathering of the amphibolite 
and calc-silicates which occur in association with the mica-schist The mica-schist 
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comprises muscovite and biotite Garnet is common. Locally kyanite is colourless 
to bluish green crystals in association with the mica-schist. Garnet is brown and 
occurs as large porphyroblast The prominent exposures of the mica-schist are 
seen as elongated outcrops around Rajora and in the antiform northeast of 
Bhilwara (Fig. 35). 
In the FCC, this rock shows light to dark grey colour and uneven texture. 
The drainage density is moderate with trellis pattern. 
The calc-silicate and marble occur as marker horizon in the antiform 
northeast of Bhilwara and west of Akola (Fig.35). The calc-silicate rocks and 
associated dolomitic marble fringe the antiformal structure northeast of Bhilwara 
(Fig 35). The rocks are grey to greyish white in colour comprising amphiboles, 
dolomite and calcite The banding is defined by intercalation of impure carbonates 
and marble bands 
In the FCC the calc-silicate and marble show dark to light grey colour, 
even texture, moderate resistance to erosion, oval outline of the exposure, 
external drainage and erased topography 
Quartzite occurs as thin impresistant small bands intercalated within the 
mica-schist northeast of Rajora (Fig.35). The quartzites form ridges which stand 
out in prominent relief jutting out from plain topography due to their high 
resistance to erosion Bedding has generally been oblated due to recrystallisation 
The quartzite forms hogback ridges whose trend is parallel to the regional 
foliation of the Suwana Formation and hence included in the metasedimentar>' 
sequence in the Suwana Formation along with the schist and amphibolite 
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Kekri Formation 
The rocks which are regionally metamorphosed to intermediate pressure 
amphibolite grade and syntectonically migmatised, occurring on west and 
northwest of Potla Formation are assigned as Kekri Formation. Besides the 
migmatite extending from east of Dewala to east of Bhunas has been assigned to 
Kekri Formation in the study area following Gupta et al. (1997) This formation 
comprises migmatite, composite streaky and banded gneisses, gametiferous mica-
schist and calc-silicate rocks. Migmatite and gneiss occur as inter-folier injections 
of quartzo-feldspathic (neosomes) material in the biotite-schist (palaesomes) 
which have resulted in the formation of banded veins and nebulitic structures 
(Gupta, 1969) Veined and nebulitic structures are more common within the 
lithology of this formation in the Bhilwara district. The banded migmatites consist 
of alternate bands of light and dark minerals The light layers generally comprise 
quartzites and feldspars with minor amounts of garnet and muscovite The dark 
layers are generally composed of biotite-quartz comprising paleosomes 
In the FCC, the migmatite shows light grey to brown colour with unesen 
texture having linear pattern The drainage density is moderate with subdendritic 
pattern 
In gametiferous mica-schist, the schist is grey to buff in colour composed 
of varying amounts of biotite, musco\ite and small crystals of garnet It is highly 
weathered Bands of granitic material ha\'e intruded the schist along the foliation 
planes 
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Sandmata Complex 
The heterogeneous assemblage of rocks which were formed during the 
orogenic phase of Bhilwara Geological Cycle, regionally metamorphosed to high 
pressure amphibolite and granulite facies and migmatised to various degrees have 
been included under the Sandmata Complex. These rocks occur to the west of the 
Mangalwar Complex. The metamorphic boundary between the Sandmata 
Complex and Mangalwar Complex is an isograd. In the west, the Sandmata 
Complex is unconformably overlain by Gogunda Group of Delhi Supergroup. In 
the south, the Sandmata rocks are overlain unconformably by rocks of the Dovda 
Group of the Aravalli Supergroup 
The rocks of the Sandmata Complex contain highly deformed 
supracrustals admixed possibly with reworked cratonic and oceanic material 
(Gupta etal, 1997) 
The Sandmata Complex comprises migmatite, composite gneisses, calc-
gneiss, biotite- schist, garnet sillimanite-schist, sillimanite staurolite hornblende-
schist, mica-schist, dolomitic marble, conglomerate and quartzite In the study 
area the Sandmata Complex is represented by the Sambhugarh, Badnor, Baranch 
formations and Giyangarh-Asind acid suite (Gupta et al, 1997) 
Sambhugarh Formation 
The predominant migmatitic and gneissic rocks with intercalation of 
amphibolite, hornblende-schist and quartzite have been assigned to Sambhugarh 
Formation. The formation extends from Khemri in the south to Amner in the 
north and from Gunio in the west to Raipur in the east In the west the formation 
is unconformably overiain by rocks of the Gogunda Group of Delhi Supergroup, 
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while in the east it is having metamorphic contact with the Mangalwar Complex 
In the south these rocks are unconformably overlain by Dovda Group of Aravalli 
Supergroup The formation comprises the migmatite gneiss, amphibolite, 
hornblende-schist, biotite-gamet sillimanite-schist and quartzite The biotite-
gneiss is distinctly of streaky type with the pegmatitic and aplitic injections 
occurring in small, short, disconnected streaks and lenses along the foliation. The 
biotite and hornblende occur as M-bands alternating with lighter granitic 
neosomes The biotite in the M-bands is very fine grained, garnet occurs as 
porphyroblasts both in the Q-F and M bands of the gneiss. 
In the FCC the rocks show light greenish colour and medium to coarse 
texture which is banded in some places The drainage is external of moderate 
density and dendritic to subdendritic pattern with moderate resistance to erosion 
The quartzite occurs as thin intercalatory bands Lambari quartzite is 
narrow, tough, fine grained and light brown, light pinkish or light grey in colour. 
Amet quartzite occurs as hill NW of Amet (Fig 35). The quartzite is massive, 
fine grained, pale brown or pinkish and grey in colour. Bedding is well developed 
defined by inter-stratified bands of biotite-schist and calc-silicate rocks At 
Lambari and Amet, quartzite occurs as doubly plunging antiformal structures 
In the imagery these rocks show light brown to light greenish colour and 
banded texture The drainage is external and shows low density with angular to 
sub-angular pattern The rocks exhibit high resistance to erosion and forming 
parallel hogback ridges 
The amphibolite and hornblende-schist are greenish black and medium 
grained These rocks show variation fi^om well foliated to coarse gneissic type. 
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In the space data the rocks are characterised by light grey to green colour 
and smooth texture They form erased exposures topography The drainage is 
fracture- controlled 
Badnor Formation 
The calc-gneiss, biotite-schist, amphibolite with subordinate bands of 
conglomerate and quartzite have been included into Badnor Formation 
(Gupta et al., 1997) These rocks occur in the central part abutting against 
Shambhugarh Formation in the south. In the north they are in fault contact with 
Gogunda Group of Delhi Supergroup. The contact of Badnor Formation with the 
Baranch Formation in the west in the central part is metamorphic isograd The 
rocks of the formation are associated with synorogenic acid, mafic and ultramafic 
bodies in the Giyangarh and Asind areas (Fig 35) 
The biotite schist occurs as small patches and bands at place with enclaves 
of gneisses and migmatites which escaped granitisation Injection of pegmatite 
and quartz veins are ubiquitous 
Several quartzite bands occur in more or less parallel ridges These 
quartzites are interbedded with soft muscovite-biotite-schists which are generally 
eroded and form erased topography Sillimanite and staurolite are also at a few 
places in the schist The schistose rocks are generally dark medium grained 
Neosomes of white quartz feldspathic material are commonly found in the 
proximity of the migmatites 
In the FCC the rock shows light brown to pale white colour and banded 
texture The drainage has moderate density and shows trellis pattern The rocks 
show low to moderate resistance to erosion 
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The hornblende schist and amphibolite rocks occur as distinct bands at 
several places within the mica-schist throughout the area are intruded by granitic 
and pegmatitic rocks 
In the FCG the hornblende-schist exhibits light grey colour and coarse 
texture The drainage is external with low to moderate density 
The calc-gneiss rocks are white grey, brown and greenish in colour, fine 
to medium grained comprising dark and light coloured bands and consisting of 
calcite, feldspar, diopside, actinolite-tremolite, hornblende, epidote, quartz garnet 
and iron ores 
In the imagery the calc-gneiss exhibits light green colour and uneven 
texture The rocks have moderate resistance to erosion. 
Baranch Formation 
The predominantly metasedimentary rocks of Sandmata Complex having 
higher grade of metamorphism corresponding to high pressure, amphibolite to 
granulite facies were included into pre-Aravalli gneisses and schist of BGC by 
Heron (1953), have been assigned to the Baranch Formation (Gupta et al, 1997) 
The contact of the Baranch Formation with the Badnor Formation in the east is 
isograd and with the Giyangarh-Asind Suite has intrusive contact In the west the 
contact with the Gogunda Group is faulted The type section has been described 
from Baranch Village (Gupta et al ,1997) This formation comprises sillimanite-
staurolite gametiferous biotite-schist and granulite 
The sillimanite-staurolite-gametiferous-schist and biotite-schist are 
generally grey to dark grey, well foliated and contain quartz with mica and 
feldspar are common constituents They show variation from gametiferous mica-
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schist to sillimanite bearing schists, based on the development of the 
porphyroblastic constituents evolved during the recrystallisation of the rocks of 
the Baranch Formation 
In the FCC the rocks of this formation are characterised by light grey to 
greenish colour, banded texture and show moderate resistance to erosion The 
drainage density is moderate with trellis to parallel pattern 
Raipur-Jalayan Mafic Rocks 
Swarms of (ortho-) amphibolitic bodies ( RJBl) and gabbro and norite 
with associated p>TOxene granulitic rocks ( RJB2) occur in the northeastern and 
southeastern parts of the study area (Fig 35) The dyke swarms occur at several 
places intermittently over a distances of 136 km intruding Sandmata Complex A 
number of parallel bands of the mafic rocks are seen in the area The rocks are 
hard, compact and developing irregular joints. Under the microscope, the rocks 
show hornblende , labradorite and quartz with little biotite Zircon and magnetite 
occur as accessories The hillocks northeast of Jalayan are composed of dark, 
medium to coarse grained rocks, which in the thin section show lath shaped 
crystals of plagioclase, feebly augite and hornblende, magnetite is the only 
accessory mineral 
Amphibolite and hornblende schist are metamorphosed basic rocks, 
occurring as thin narrow bands on the north of Ramgarh and northeast of Patan 
(Fig 35) Its greenish black to dark greenish grey in colour, compact, medium to 
coarse grained and show dark shining cr\stals of hornblende in hand specimen. 
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Under the microscope the rock shows hornblende, quartz, orthoclase, grains of 
albite , biotite, sphene and apatite are present as accessories 
In the FCC these rocks are characterised by light to dark grey colour and 
banded texture. The drainage density is low The rocks show low to moderate 
resistance to CTOsion which form erased outcrop. 
The outcrops of norite occur as patchy exposure west of Ramgarh in the 
study area. It is dark grey in colour medium grain and show sub-ophitic texture. 
The rocks contun hypersthene showing lamllear structure, plagioclase varying in 
composition from andesine to labradorite which occur as laths and sometimes 
show zoning. A few grains of quartz occur along with lath shaped plagioclase 
feldspars 
In the space data these rocks show light to dark green colour and uneven 
texture The drainage density is low to moderate with trellis pattern The rocks 
show moderate to high resistance to erosion forming hogback 
Pur-Banera Group 
The predominantly chemogenic rocks with inter-bands of elastics 
occurring in the northeast of Bhilwara regionally metamorphosed has been 
assigned as Pur-Banera Group The group has been named after the the Pur and 
Banera villages in Bhilwara district The Pur-Banera Group overlies 
unconformably the rocks of Potla Formation of Mangalwar Complex, the 
unconformity being marked by change from argillaceous to predominantly 
chemogenic environment and structural discordance These rocks are deposited in 
an interspersed inland basin developed successor first phase of deformation 
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(BDl). The deposition of predominantly chemical sequences of carbonate and 
banded cherts took place under starved basin condition with locally strong 
oxidising conditions which resulted in synsedimentational deposition of lead-zinc-
copper sulphides and iron oxides in the marginal sequence of the basin The rock 
types exposed in the Pur-Banera belt consist of a repetitive sequence of pelitic, 
calcareous metasediments represented by gametiferous mica-schist, quartzite, 
marble, calc-schist, calc-gneiss, magnetitic-calc-silicate rocks and banded 
magnetite quartzite Basic sills and dykes varying in composition from norite to 
delorite intrude the metasediments, followed by granite and pegmatite emplaced 
during the post-deformation period This group comprises conglomerate, 
gametiferous mica-schist, calc-schist, amphibolite-schist, calc-gneiss, marble, 
calc-silicate marble, magnetite quartzite and banded magnetite-chert-carbonate 
rock with sulphide mineralisation. The rocks have attained amphibolite facies of 
metamorphism 
The Pur-Banera Group in the study area is represented by Pur, Rewara, 
Samodi and Pansal formations 
Pur Fonnation 
The conglomerate and quartzite occurring over the gametiferous mica-
schist of the Potla Formation have been mapped as Pur Formation in the Pur-
Banera synform NW of Bhilwara and as Pansal Formation in the Pansal synform 
east of Pur-Banera synform The Pur Formation and Pansal Formation are 
lithostratigraphically separated but in time sequence appear equivalent These 
rocks were originally included in the Aravalli System by Gupta, (1934) The 
revised mapping suggests that the mineralised belt of the Pur-Banera Group 
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is a part of Bhilwara Supergroup The conglomerate and quartzite sequences 
developed in Pur-Banera synform occur over the gametiferous mica-schist of 
Potla Formation of Mangalwar Complex wathin unconformity The quartzite has 
got calcareous components which have given rise to actinolite and tremolite The 
contact of the Pur Formation with the Rewara Formation is conformable by the 
conglomerate These are ellipsoidal in shape with size varying from less than cm 
to over 6 cm The sorting, sphwcity and roundness are poor 
" In the FCC the rocks of this formation exhibit light brown to pale white 
colour and banded texture The drainage density is moderate to low The rocks 
show moderate to high resistance to erosion and form parallel hogback ridges 
Pansal Formation 
The conglomerate, quartzite and marble occurring in the synform 
northwest of Bhilwara have been assigned as Pansal Formation (Fig 35) The 
quartzite and marble have gradational contact, overlying unconformably over 
gametiferous mica-schist of Potla Formation of Mangalwar Complex The 
Formation takes its name from the village of Pansal in Bhilwara district In the 
stratigraphy it is equivalent to Pur Formation Because of the physical 
discontinuity the rocks have been separated from Pur Formation following the 
code of the stratigraphic nomenclature (Anon, 1973) 
In the space data the conglomerate shows light browTi to grey colour and 
banded texture The drainage density is moderate The quartzite shows dark 
brown colour and smooth texture and forms hogback ridges 
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Rewara Formation 
The predominantly chemogenic sequence regionally metamorphosed with 
calc-schist, calc-gneisses, calc-sillicate bearing marbles with subordinate bands of 
mica-schist, amphibolite schist and quartzite has been assigned to the Rewara 
Formation under the Pur-Banera Group These rocks were initially assigned to 
Raialo Series by Gupta (1934) on the basis of their lithologic association The 
revised mapping by Gupta et al, (1997) has assigned the metasediments sequence 
comprising calcareous metasediments, marble succeeding the Pur quartzite and 
having transgressix e and discordant relationship with the rocks of Potla 
Formation of Mangalwar Complex, to the Rewara Formation of Pur-Banera 
Group 
The Rewara Formation comprises calc-schist, calc-gneiss calc-silicate 
bearing marble, with subordinate mica-schist, amphibole-schist and quartzite 
The calc-gneiss is well bedded with bedding defined b> compositional banding 
The pale coloured bands are composed of feldspar and quartz while the darker 
one consist of varied assemblage of diopside, hornblende, actinolite, tremolite, 
biotite, garnet, kyanite. anthophyllite, and epidote. 
In the space data the rocks show light brown to pale white colour and 
banded texture The drainage density is moderate to high and sub-dendritic to 
trellis in pattern The rock has low resistance to erosion which de\e]oped an 
erased topograph) with low outcrop density 
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Samodi Formation 
The quartzite with bands of mica-schist, calc-schist and marble occurring 
in the central part of the Pur-Banera Group forming the core of the Pur-Banera 
synform have been assigned as Samodi Formation The formation takes its name 
after the Samodi village in Bhilwara district. These rock were included in the 
Aravalli System by Gupta (1934) The outcrop of the Samodi quartzite are seen 
around Samodi and in the Banera reserve forest. The quartzite grades into 
micaceous quartzite, quartz-mica-schist and ultimately to mica-schist. 
In the FCC the rocks of this formation show grey to dark brown colour, 
banded texture and linear pattern The drainage density is moderate and 
dendritic in pattern The rocks have moderate to high resistance to erosion. 
Berach Granite 
Berach Granite comprises the rocks emplaced during late orogenic phase 
of Bhilwara Geological Cycle, occur in the southeastern part of the study area 
west of Mangrup and east of Hamirgarh (Fig 35). These were earlier referred as 
Bundelkhand gneiss. The granite exposed in Berach river \alley showing 
intrusive relationship with the rocks of the Potla Formation has been designated 
as Berach granite The Berach Granite is generally pink, non-foliated, medium 
grains consisting of opalescent quartz, potash-feldspar, acid plagioclases and 
minor amount of biotite and muscovite exhibiting hypidiomorphic texture The 
granite at the contact vdth country rock has greenish feldspars The pink granite 
changes to grey in the contact zone The quartzite bands at the contact show 
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silicification and recrystallisation which suggest intrusive contact relationship 
between the granite and the metasediments The Berach granite has been 
considered intrusive into the adjoining metasediments of the Bhilwara 
Supergroup (Parsad, 1966-67) 
In the FCC the granite is characterised by Hght brown colour and medium 
to coarse texture The drainage density is low and of sub-dendritic to dendritic 
pattern The rocks show moderate to high resistance to erosion which form rough 
topography 
Giyangarh-Asind Acidic rocks 
It consists of an acidic suite of rocks comprising granite, granodiorite, 
chamockite, enderbite, granitoid gneiss and migmatite occurring as patchy 
outcrop in association with the Sandmata Complex The outcrops are distributed 
from Piproli in the north to Bagar in the south These represent synorogenic to 
late orogenic intrusive bodies 
The non-foliated granitised granodiorite, chamockite, enderbite have been 
distinguished as (GAl) and the foliated gmitoid gneisses and migmatite as (GA2) 
The GAl rocks occur around Sitamba-Giynagarh-Karmal (west of Bhilwara) 
The GA2 rocks occur around Barjat Kot, Rechhiket and Mangala (Fig 35) 
These granite (GAl) and granitoid gneiss (GA2) were described as pre-Aravalli 
by Heron, (1953) 
119 
Granhe-Granodiorite-Enderbite Charnockite Suite (GAl) 
Petrologically this acidic suite consists of granite, granodiorite, enderbite 
and charnockite which for purpose of mapping have been included as a single 
unit. 
The granite-granodiorite rocks vary in colour from light to dark grey, 
sometimes pink tint is also observed The rocks consist of grey and pink feldspar, 
milky and bluish quartz and biotite Epidote is noticed at places Two external 
types of this rock occur, one as medium grained, slightly foliated type and the 
other is coarse grained and generally prophyritic. A characteristics feature is the 
abundance of xenoliths in the granite Sometimes gneissic banding has developed 
The granodiorite consist pre-dominantly of oligoclase and quartz with 
subordinates amount of biotite and potash-feldspar, sphene and apatite occurring 
as accessories 
Enderbite-chamockite represent the youngest granite occurring in the 
area The rock has typical granitic texture, medium to very coarse grained and 
comprises prominent grains of purple feldspar which occur as phenocryst, biotite 
occur as books of shining grey to greyish black in colour 
Quartz is bluish opalescent, hornblende and hypersthene occur as dark 
green minerals Brown garnet is invariably noticed in the rock (Vankata 
Rao, 1958-59) The younger GAl granite has not suffered any visible 
metamorphic effects (Gupta et al ,1997) 
In the space data these rocks are characterised by light green colour and 
coarse texture The drainage density is moderate and shows dendritic to trellis 
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drainage pattern The rocks show moderate resistance to erosion and form 
erosional hills 
Granitoid gneiss (GA2) 
The Granitoid gneiss and associated granitic rocks occurring around 
Bhitnal, Patan, Jamola, Piprol etc have been included under GA2 These rocks 
were earlier included with the granite under Berach Granite by Heron (1953) 
Latter Gupta et al, (1997) separated these rocks from granite proper on the basis 
of gneissic texture and restricted usage of granitoid gneiss to granite and 
migmatite of synorogenic origin 
The synorogenic granite, although massive, displays some gneissosity 
The granite-gneiss is brownish gre> to dark grey, coarse grained and porph> ritic 
The granite-gneiss to the west gradually grades to dirty grey, coarse grained, 
non-porphyritic, foliated gneiss and felspathised biotite-schist in the form of 
streaky, mixed and banded gneisses and structures. 
Besides, apatites and pegmatites appear in great abundance in the 
assemblage in the area occupied by the Sandmata and Mangalwar Complex The 
essential constituents of the granite are greyish translucent quartz, pink or cream 
coloured feldspars, comprising plagioclase and microcline Biotite is common 
Muscovite, zircon, sphene, iron ores and epidote are the common accessories 
In the imagery these rocks are characterised by green to browTi colour, 
uneven texture with curvilinear pattern of outcrops The drainage density is 
moderate with dendritic drainage pattern The rocks show moderate resistance to 
erosion and form erosional hills with smooth surface 
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Aravalli Supergroup 
The thick pile composed of metamorphosed and complexly folded 
clastogenic sediments along with minor chemogenic and organogenic 
assemblages and inter-layered basic volcanics overiying the migmatitic complex 
of Bhilwara Supergroup with erosional unconfoimity have been assigned as 
Aravalli Supergroup ( Gupta et al., 1997). The rocks of the Aravalli Supergroup 
in the study area represented by the Dovda Group. 
Dovda Group 
An intimate admixture of chemogenic and clastogenic rocks showing 
attributes of shelf type sedimentation in a shallow epi-continental basin have been 
included in the Dovda Group (Gupta et al, 1997). It is coeval with the Jharol 
Group The Do\ da Group was deposited in an almost independent shallow water 
shelf type sedimentation system in contrast with the deep water sedimentation 
system of Jharol Group 
The rocks of the Dovda Group are exposed north of Banas Lineament as 
complexly folded outcrops surrounding the rocks of Kankroli Group. The 
outcrop extends from Kosithal in the north to the west of Kelwa in the south The 
rocks of Dovda Group overlies the Sandmata Complex in the northwest and 
Mangalwar Complex in the east, with an unconformity. The unconformity has 
been erased by deep erosion and obscured by widespread migmatisation in the 
Sandmata Complex and Mangahvar Complex 
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The Dovda Group is chiefly composed of an inter-banded assemblage of 
homblende-schist, horablende-biotite-schist, biotite-schist, gametiferous biotite-
schist, amphibolite gneiss, quartz-biotite-gneiss and migmatite with numerous 
intercalatory bands of calc-silicate rock, dolomitic marble and quartzite. The 
assemblage as a whole has undergone polyphase deformation with complex 
patterns and regional metamorphism under amphibolite facies condition with 
accompanying syntectonic migmatisation 
Establishing the sequence of different Uthological units is difficult due to 
gradational and interfringing relationship, absence of sedimentary structure, 
complicated folding and extensive syntectonic migmatisation transgres»ng the 
stratigraphic boundaries However, the Depti Formation and Devthari Formation 
have been recognised in the Dovda Group on the basis of field relationship and 
broad Uthological homogenities (Gupta et al., 1997). 
Heron (19S3) included migmatite, felspathised-schists and gneisses in the 
pre-Aravalli Banded Gneissic Complex, dolomitic marble and calc-silicate rocks 
in the Raialo series, biotite schists and impure limestone in the Delhi System and 
quartzite, phyllites and schists in the Aravalli System. Subsequent detailed 
geological mapping in the area by Basu and Arora (1966) and Arora ( 1972) 
indicated that in a NNE-SSW section near Sangat and NNW-SSE section near 
Nathdwara, the Depti quartzite and schists included in the Aravalli System by 
Heron show a gradational relationship with pre-Aravalli rocks They show a 
general younging towards southwest in Sangat area and northwest in Nathdwara 
area (Fig 35) Basu and Arora (ibid) considered the granitised migmatised 
assemblage around Dovda and Devthari to be younger forming a continuous 
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sequence and was not considered as an older sequence merely on the basis of 
granitisation and migmatisation The marbles and calc-silicate rocks included in 
the Raialo, not only have perfect structural concordance with the schists and 
gneisses but show interfringing and gradational relationships and seem to be a 
part of a continuous sequence Arora (1972) further pointed out that the present 
lithological-stratigraphical complexity in the area has been intruded by multiple 
deformational phases and associated synkinematic migmatisation / granitisation of 
chemogenic and clastogenic rocks on the basis of which the sequence has been 
included in a group and named after Dovda settlement. The rocks of Dovda 
Group in the study area represented by Devthari Formation 
Devthari Formation 
The Devlhari Formation comprises a migmatised assemblage of 
hornblende- schist, homblende-biotite-schist and biotite-schist, gametiferous 
biotite-schist, amphibolite-gneisses, streaky and banded quartzite-biotite-gneisses 
and migmatite with numerous intercalator>' bands of dolomitic marble, calc-
silicate rock quartzite and graphitic schists The different members of the 
formation also exhibit interfringing and gradational relationships making it 
difficult to delineate units at the level of members 
Hornblende-schist and homblende-biotite-schist are the most common 
rocks of the assemblage with dark green colour, frequently interbanded with 
biotite-schist, gametiferous biotite-schist, calc-silicate rocks, impure dolomitic 
marble and quartzite The triangular outcrop north of Kelwa expose the rocks of 
the Devthari Formation The rocks are further exposed as fold bands north of 
Richer village Schistose components are granitised to varying degree forming 
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migmatite, streaky to banded gneiss and amphibole gneiss. Though the bulk of 
the hombloide-schist and amphibolite are derived from impure calcareous 
sediments as indicated by their interfringing and gradational relationship with the 
undoubted meta-sedimentary rocks The massive amphibolite appear to be of 
igneous parentage 
The biotite-schist occurs north of Richer, is elongated and elliptical 
outcrop between Kabri and Kosithal This unit is intensively migmatised with 
neosomes of quartzo-felspathic material With increasing granitisation, the rock 
grades to hard compact granitic rocks and granite gneisses. At places banded and 
streaky gneisses have developed in the schistose tract Schists contain numerous 
intercalations of quartzite, calc-silicate rocks, hornblende gneiss and dolomitic 
marble. 
The quartzites associated with the calcareous metasediments show 
development of hornblende, tremolite, actinolite, calcite and diopside and show 
gradational relationships with hornblende-schists and impure dolomitic marble 
The calc-silicate rocks comprise diopside, hornblende, quartz, calcite and garnet 
grades to hornblende schist, marble and calcareous biotite-schist The marble is 
coarse to fine grained and contains calcite, dolomite, tremolite with minor amount 
of olivine, serpentine and diopside 
From the foregoing descriptions it is evident that Dovda Group essentially 
comprises of an intimate admixture of clastogenic and chemogenic sediments 
which were deformed and experienced extensive syntectonic migmatisation and 
granitisation 
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In the space data the rocks of this formation show green to dark brown 
colour with interbanded of dark green and pale white colour and banded texture 
The formation forms the top of the hills The drainage density is moderate to high 
with sub-dendritic to trellis drainage pattern The formation rocks exhibit rough 
topography. 
Delhi Supergroup 
The metamorphosed elastics with subordinate chemogenic sediments 
and temporally related concordant and discordant intrusive and their extrusives, 
resting over the rocks of Bhilwara Supergroup in northeastern Rajasthan with a 
first order unconformity and the Aravalli meta-sediments in southwestern 
Rajasthan with structural discordance have been included into Delhi Supergroup 
(Gupta et al, 1997) The Delhi Supergroup derives its name from Delhi, the 
capital of India, where the quartzite ridges represent the northeast span of the 
basin 
The rocks of Delhi Supergroup are traceable in the study area in a NE-
SW trending rectilinear belt fi^om Amargarh in the north to Samantri in the south 
over strike distance of about 125 km forming the Aravalli orographic axis, 
separating the plains of Marwar in the west from that of Mew ar in southeastern 
Rajasthan The continuity of the outcrops in the northwest is punctuated by the 
sandy tract of Rajasthan desert 
Delhi Supergroup comprises dominantly quartzites, biotite-schist, calc-
schist, calc-gneiss, phyllites, and marbles with subordinates conglomerates, 
cherts, meta-volcanics Granites, uhrabasics, basic flows, epidiorite, hornblende 
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schist, amphibole pyroxene granulite and gabbros occur as associated intrusives 
and extrusives These rocks exhibit polyphase deformation and regional 
metamorphism with isograd varying from green schist facies to amphibolite 
facies In the study area the Delhi Supergroup is presented by Gogunda, 
Kumbhalgarh and Punagarh groups The Gogunda Group comprises dominantly 
arenaceous and argillaceous facies deposited on shelf margin The mixed 
calcareous and argillaceous facies of the shelf interior has been assigned to 
Kumbhalgarh Group The molasses sediment of the successor basins have been 
referred as Punagarh Group (Gupta et al., 1997). Besides, the supergroup 
includes the magmatic phases of Phulad ophiolite suite, synsedimentational flows 
and tuffs and synorogenic granite 
Gogunda Group 
The metamorphosed terrigenous elastics comprising quartzite and 
interbanded schist with subordinate impure calcareous metasediments, deposited 
mainly in the shelf zone of the basin have been assigned as Gogunda Group 
(Gupta et al, 1997) The rocks of Gogunda Group are traceable along the 
Aravalli-Delhi orographic axis following the NE-SW trend On the basis of the 
lithological homogeneties, strike continuity and local relationship of superposition 
the Gogunda Group has been separated into Richer, Antalia and Kelwara 
formations. 
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Richer Formation 
The muscovite-biotite-schist with associated homblende-schist, calc-
silicate and intercalated quartzite, resting over the schist, amphibolite and 
migmatites of the Dovda Group of Aravalli Supergroup with structural 
discordance have been included in the Richer Formation. It is overlain by the 
rocks of Antalia Formation The formation has been named after the Richer 
village in the neighbourhood where the type section of the formation can be seen. 
The biotite-schist is greyish in colour and well foliated, mainly composed 
of biotite, muscovite, quartz and feldspar with development of garnet. The 
homblende-schist is dark in colour, composed predominantly of hornblende, 
diopside, epidote, plagioclase and quartz. 
The quartzite is generally greyish white to brownish white in colour, 
medium to coarse grained and is predominantly composed of equigranular quartz. 
Amphiboles occur as accessor)-
Antalia Formation 
The predominantly psammitic metasediments represented by medium to 
fine grained quartzite with subordinate intercalations of pelitic and impure 
calcareous metasediments represented by biotite-schist, calc-silicates rock and 
impure marble have been assigned to Antalia Formation (Gupta et al, 1997). The 
formation derives its name after the village of Antalia The rocks of Antalia 
Formation have been traced fi-om west of Baranch through Thikarwas to Seradri 
upto 6 Km east of Rupnarain 
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The quartzite which is the most dominant lithological unit of this 
formation, shows wide variations in its physical and mineralogical character It is 
generally hard, compact and massive to well bedded. The unit of stratification 
varies from a few mm to 2m The stratification is occasionally represented by 
colour banding, graded bedding and lithological banding The bedding plain are 
generally absent in the rock However current bedding, wherever present, shows 
genera] parallelism of current bedding lamellies with the bedding plane in the AC 
section but in the BC section they show very low angular relationship indicating a 
transition between the planar and trough types of current bedding which were 
possibly formed by the long shore drift operative in the area during the deposition 
of the quartzite The quartzite occurs in all shades of grey, browoi and white 
colour and is medium to fine grained and dominantly composed of tightly packed 
sub-angular to sub-rounded grains of quartz with minor amounts of orthoclase, 
biotite, muscovite. sericite, hornblende, actinolite and diopside. The quartz grains 
at some places are recrystallised giving rise to the coarse texture with the 
development of blebs and lenticles of vitreous quartz along the bedding At places 
quartz grains show elongation along the DSl schistosity ( Gupta et al., 1997) 
Other common \arieties of the rock includes cherty, micaceous and sercititic and 
finable quartzite. which occurs as lenses within the calc-biotite-schist and biotite-
schist northeast of Seradri (Fig 35) 
In the FCC the quartzite is characterised by light brown Jo pale yellowish 
colour, and banded texture and linear to curvilinear pattern The drainage density 
is moderate with trellis pattern The rocks exhibit high resistance to erosion and 
form hogback ridges 
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The biotite-schist is well foliated schistose rock consisting of coarse flakes 
of biotite and muscovite with varying amounts of quartz and feldspar and 
occasional porphyroblasts of garnet and a little amount of actinolite hornblende. 
The mica flakes show rough orientation along DSl - DS2 schistosity (Gupta et 
al, 1997) The calc-silicate rocks are greenish grey in colour showing ribs and 
furrow structure due to differential weathering of alternate bands of calc-silicate 
minerals and carbonates. The calc-silicate rocks interfinger \^^ th calc-biotite-
schist and biotite-schist. Its dominantly consists of hornblende, actinolite, 
diopside, quartz, orthoclase and calcite 
In the space data the rocks show light greenish colour and banded 
texture with linear pattern The unit exhibits low resistance to erosion, forming 
erased topography with low outcrop density. 
Kelwara Formation 
This formation is mainly composed of the biotite-schist and calc-biotite-
schist with inter-bands of quartzite in subordinate amount It overlies the 
dominantly psammitic sequence of Antalia Formation and is o\ erlain by mixed 
calcareous group of rocks of Kumbhalgarh Group. The biotite-schist and calc-
biotite-schist being softer lithologies occupied the narrow elongated valleys while 
the quartzite occupied the linear strike ridges The rocks of Kelw ara Formation 
have been traced in the study area from east of Amargarh in the northeast to the 
west of Garpur in the southwest The outcrop density is low, the biotite-schist 
and calc-schist are exposed in proximity of the quartzite ridges which form 
prominent landmarks in the erased topography of the Kelwara Formation The 
biotite-schist is the most predominant rock type of this formation It sometimes 
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grades into calc-biotite-schist which is more particularly seen towards its upper 
part of the sequence, the biotite-schist is a well foliated light to dark grey in 
colour, composed of biotite, quartz and feldspar with minor amount of 
hornblende, actinolite and diopside The biotite-schist contains numerous 
intercalatory bands of quartzite which often becomes predominant and thick at 
places and form linears strike ridges in between the valleys. These intercalations 
are seen throughout the strike of the formation but are much more predominant 
in the area south and south-west of Richer 
In the space data the rocks show light green to light grey colour, banded 
texture with linear pattern The drainage density is moderate to high, with 
subdendritic to trellis pattern The rock exhibits low to moderate resistance to 
erosion which is expressed as depressions and valleys in the area occupied by this 
rock 
The quartzite is medium to coarse grained, hard, massive to bedded and 
contains intercalation of biotite-schist, occasionally grading into micaceous 
quartzite and quartz-mica-schist 
In the imager) the quartzite ridges show light brown to pale white colour 
and banded texture with linear pattern The rocks have high resistance to erosion 
and form hogback ridges 
Intercalation of calc-silicate rocks are seen within the schist at places 
These are light greenish gre\ coloured rocks with well defined alternate banding 
of light and dark coloured minerals Quartz, feldspar and calcite define the lighter 
bands and hornblende actinolite , diopside etc segregate to form the darker 
bands. 
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The calc-silicate rocks in the FCC are indistinguishable from the biotite-
schist and hence it has beoi mapped as a single unit within the Kelwara 
Formation along with the schist 
Kumbhalgarh Group 
The metamorphosed calcareous sediments Avith subordinate argillaceous 
and arenaceous sediments deposited in the shelf interior of the main Delhi basin 
have been included into Kumbhalgarh Group (Gupta et al, 1997) The rocks of 
this group are traceable as a broad linear beh forming the Aravalli orographic axis 
in the western part of the .\ravalli Fold belt In the study area it is extend along 
the NE-SW to NNE-SSW from south of Amargarh area in the north to Samantri 
in the south over a distance of about 125 km. The outcrops are 30-40 km width 
in the northern part while restrict to about 3 to 5 km southwest of Samantri (Fig 
35). 
Lithologically this group is represented by a sequence of calc-gneiss and 
calc-schist, marble, muscovite-biotite-schist, calc-biotite, migmatite and gneisses, 
quartzite, autoclastic conglomerates and para-amphibolites. The sequence has 
sharp contact with the rocks of the underiying Gogunda Group The rocks of this 
group have been regionally metamorphosed to amphibolite facies and the effects 
of contact metamorphism are well marked towards the western side where they 
are intruded by large acidic and basic intrusives. In the study area the 
Kumbhalgarh Group is represented by Todgarh, Sendra, Beauar, Kotra, Barr, 
Kalakot and Ras formations 
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Todgarh Formation 
The formation comprises the dominantly impure calcareous meta-
sediments represented by calc-gneiss, calc-schist, marble with subordinate amount 
of quartzite conformably overlying the arenaceous sequence of Kelwara 
Formation of Gogunda Group It is the most prominent formation of 
Kambhalgarh Group and covers a very wide extent forming the flat topped hill 
ranges The formation can be traced from about 3 km NW of Kiriap in the north 
upto Samantri in the south covering the entire length of the Aravalli Fold Beh in 
the study area The formation is about 5 km wide in its northern part but towards 
the southern end it is 2 km - 3 km wide The type section of this formation is seen 
along the National Highway No 8 between Todgarh and Jawaja. 
The calc-gneiss and calc-schist are the main rock types in this formation 
The calc-gneiss is medium to coarse grained light greenish grey in colour Its 
surface often shows ribs and furrow structure due to differential weathering of 
alternate bands of variable hardness The mineralogical banding imparts to the 
rocks gneissose structure with light and dark coloured minerals arranged 
systematically, the lighter bands comprising quartz, albite-orthoclas , calcite etc 
and darker bands consist of hornblende, actinolite, diopside, musco\ ite, biotite 
and occasionally wollastonite, zoisite and augite The calc-gneiss and calc-schist 
interfinger and grade into impure calcitic marble, both, along and across the strike 
of the formation This is more cleariy seen towards the western contact of the 
formation and also where granite intrusions are common The prominent impure 
calcitic marble with calc-gneiss horizon are seen in the central part of the 
133 
Shamgarh antiform The proportion of calc-gneiss and impure marble in this 
formation varies from place to place 
In the space data the rocks are characterised by light brown to greenish 
colour and banded texture with linear pattern. The drainage densit> is moderate 
with trellis pattern The rocks have low resistance to erosion forming erased 
topography. 
The impure marble is light to greyish white in colour, fine to medium 
grained and composed of calcite and dolomite with actinolite, diopside, 
hornblende, garnet, wollastonite etc. The marble occurs as lenses within the calc-
gneiss and schist with which it shows interfingering relationship It occasionally 
contains cherty and siliceous bands which are sheared at places, gi\ing nodular 
appearance to the rock Important bands of marble are seen near Shamgarh The 
quartzite is buff and brown in colour on weathered surface but is pale greenish 
white or greyish white on freshly broken surface. Quartzite is fine to medium 
grain, thinly to thickly bedded and consists of interlocking grains of quartz with 
minor amount of biotite, actinolite, calcite, zoisite, and iron-ore. 
The quartzite and calc-schist bands in the FCC are characterised b> brown 
to grey colour and banded texture with linear pattern The rocks in general are 
highly fractured 
Long and thin intercalations of biotite-schist and calc-biotite-schist within 
the calc-gneisses occur at places occup>ing the narrow valleys and nala section. 
The biotite-schist is similar to the one described in Kelwara Formation The rock 
is progressively felspathised towards west, near its proximity with the granite 
intrusions 
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In the FCC these rocks show light brown to hght greenish colour and 
banded texture The drainage density is moderate with trellis pattern. The rocks 
show low resistance to erosion 
Sendra Formation 
The Sendra Formation includes the calc-gneisses, pure and impure calcitic 
marble and the associated regionally metamorphosed silica-elastics represented by 
biotite-schist, calc-biotite-schist and quartzite form the western limb of the 
Beawar synform These rocks are intruded by the Sandra granite and intrusives of 
Phulad ophiolite suite The lithounits of this formation can be traced from Phulad 
for a distance of about 100 km along NE-SW trend upto Sheopura in the north. 
The width of the formation is about 10-12 km in the northern part but gradually 
narrows down in the southern part Towards the east it is in contact with the 
rocks of the Beawar Formation and Kotra Formation while towards the west it is 
overlain by the Barr Formation. 
Calc-gneiss is the dominant lithounit of the Sendra Formation. It forms 
the chief architecture of the Aravalli orographic axis The calc-gneiss comprises 
hornblende, actinolite, dolomite, calcite and quartz Diopside, biotite and 
feldspars are common accessories The gneiss is banded, the banding is defined by 
dark minerals like actinolite, hornblende and biotite etc The gneissic foliation is 
defined by preferred orientation of the tabular and sheet minerals The gneiss 
grades into hornblende-schist and biotite-schist Locally lenses of impure marble 
are present within the gneisses 
The calc-gneiss in the FCC is characterised by green to grey colour while 
the associated quartzite and calcitic marble exhibit light brown colour In the FCC 
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the bands of green and grey with light brown hue are characteristic of the calc-
gneiss The gneiss has banded texture The drainage density is moderate, and the 
drainage is straless at the outcrop level and subdendritic at microwater shed level 
The resistance to erosion is high 
A number of thin intercalatory bands of mica-schist occur within the 
formation in the calc-gneiss with which it has interfingering relationship. 
Prominent bands are traced The schist is well foliated light grey coloured rock 
and consists of biotite and muscovite, the biotite being predominant at many 
places Other constituent minerals are quartz, feldspar, actinolite, hornblende, 
with occasional development of garnet. The mica-schist is felspathised at places 
near its contact with the Sendra granite (Fig. 35). 
Beawar Formation 
The metamorphosed pelitic sediments with subordinate arenaceous and 
calcareous sediments represented by muscovite-biotite-schist, quartzite, dolomite 
and associated cataclastics, occurring in the core of the Beawar Synform, have 
been included in the Beawar Formation The formation is flanked by Todgarh 
Formation in the east and Kotra and Sendra formations in the west The 
formation is exposed in a long narrow valley trending NE-SW south of Lambana 
for a distance of 120 km The formation width is about 10 km in the northern part 
which gradually narrows down to 500m or even less in the southern part The 
representative sections of this formation are seen along the national highway No 
8 from Beawar to Jawaja 
The musco\'ite-biotite-schist is the dominant lithounit of this formation It 
occupies the valleys, undulatory plains and hillocks in the area The mica-schist is 
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grey to dark brownish grey in colour, soft, fissile, well foliated and highly 
puckered It is predominantly composed of muscovite, biotite, quartz and feldspar 
with occasional development of small porphyroblasts of garnet and needles of 
sillimanite The mica-schist is profusely permeated by interfoliar injections of 
quartzo-felspathic material, pegmatite and quartz Under microscope the rock 
shows parallel alignment of mica flakes The quartz grains show undulose 
extinction and the feldspars are sericitised at places. Zircon, garnet and magnetite 
are the main accessories The Q-F and M domains are prominently developed in 
the schist around Jawja pegmatite belt 
In the imagery this lithounit is characterised by greenish to light greyish 
colour and banded texture The drainage has moderate density The rocks show 
low resistance to erosion and form erased topography. 
Numerous thin quartzite bands occur as intercalations uithin the mica-
schist and form linear ridges which are repeated on either sides of the Beawar 
synformal axial trace The bands vary in length from a few meters to 30 km and 
in width upto 500m 
In the FCC the bands are characterised by light brown to pale white 
colour, banded texture and linear pattern 
Bands of amphibolite and hornblende-schist occur vvithin the muscovite-
biotite schist horizon at a few places It is dark green to greenish black in colour 
and is massive to well foliated The amphibolite and associated hornblende-schist 
comprise hornblende quartz and feldspars with occasional development of garnet 
and veinlets of epidote 
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The mylonite zones and cataclasic bands occur within the muscovite -
biotite-schist and quartz-muscovite-biotite-schist At the contact of calc-gneiss 
and mica-schist these bands are traced along the strike from about 2 to 20 km 
with width varying from a few cm to 500 m. 
Intercalatory bands of dolomitic marble are traced within the mica-schist 
from west of Khanda Bag in the north and continue upto a distance of 50km with 
width varying from few meters to 500 m, the marble contains thin ienticles and 
bands of cherty and quartzo-felspatic material. The rock is highly sheared with 
the development of long drawn out Ienticles of competent rocks enclosed by the 
plastic flowage of the carbonate material. The entire zone represent the major 
shear parallel to the Phulad lineament 
In the space data this band is characterised by light grey to pale white 
colour and banded texture. The drainage density is moderate to low with sub-
dendritic to trellis pattern. The rocks exhibit moderate resistance to erosion. 
Kotra Formation 
The formation consists of the migmatites and gneisses occurring on the 
western limb of the Beawar Synform It occurs as NE-SW trending lenses of 
migmatite and gneiss extending from SW of Gola in the north upto NW of 
Khormal in the south The belt is about 12 km wide in its central part near Kotra 
from where it derives its name, and gradually tapers douTi at both the 
extremities The gneisses and migmatites are in contact with the muscosate-
biotite-schist of Beawar Formation towards the east and SW and have 
interfingering and gradational contact, both, along and across the strike Towards 
the western side it has fauhed contact with the calc-gneisses and schist of the 
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Sendra Formation The rock shows wide variations in physical and mineralogical 
characters. All the variations from the migmatised muscovite-biotite-schist to 
gneisses , nugmatites and granites are seen in the area. Over a wide area it has a 
banded and streaky appearance It is grey in colour with granitic material 
permeating along the foliation planes of the mica-schist. The quartzo-feldspathic 
bands sometimes become lenticular in shape and gradually give rise to the 
porphyritic and augen gneisses The gneisses show porphyroblastic texture with 
preferred elongation of porphyroblasts along DS2 schistosity (Gupta et al., 
1997).Under the microscope it consists of porphyroblasts of perthitic microcline, 
subhedral quartz showing strain shadow, sericites orthoclase, albite and biotite 
y^lite, zircon and magnetite occur as accessories. The migmatites and gneisses 
have been formed during the Sendra granitic activity syntectonic with the DF2 
deformation and the associated regional metamorphism (Gupta et al, 1997) 
In the FCC, these rocks are characterised by dark greenish colour and 
banded texture The drainage density is low to moderate with subdendritic to 
dendritic pattern 
Ban- Formation 
The Barr Formation includes the muscovite-biotite-schist with associated 
cataclastic conglomerate horizons and subordinate bands of quartzite and marble 
occurring to the west of the Sendra Formation near Barr village from which it 
derives its name The formation can be traced from NW of Nandna to NE of 
Hariamali along NE-SW to NNE-SSW trends for a distance of about 60 km 
with width varying from 5m to 15 km The rocks of this formation have 
interfrngering relationships with the calc-gneiss and marble of Sendra Formation 
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in the east, and in the west the contact with migmatites and gneisses of Kalakot 
Formation. The formation occupies the low lying valleys and ridges in the area 
just east of Barr where the illustrative section of this formation is exposed along 
the Ajmer-Pali road (Fig 35). 
The formation consists of muscovite-biotite-schist with thin intercalatory 
bands and lenses of quartzite. The schist is highly foliated and slabby in nature, 
the foliation is marked by preferred orientation of biotite flakes and at places 
elongation of quartz grains parallel to DS2 which is the pervasive and penetrative 
regional schistosity in the area. The rock is light to dark grey in colour and 
essentially composed of muscovite, biotite, quartz and feldspar with minor 
amount of hornblende and actinolite. The quartz and feldspar increase towards 
western side were it is in contact with migmatite and gneisses 
In the FCC this lithounit is characterised by light greenish to grey colour 
and banded texture with linear to curvilinear pattern. The rocks show low to 
moderate drainage density and moderate resistance to erosion 
The quartzite occurring as thin bands and partings within the schist serve 
as marker beds within the rocks The quartzite is grey to greenish white in colour, 
unimodal and comprises fine to medium grains of quartz and minute flakes of 
mica 
A few thin bands and lenses of impure marble with calc-schist occur 
within the Barr mica-schist extending from a few meters to 22km along the strike 
and varying in width fi^om 5m to 400m. The marble bands sometimes grade to 
calc-schist and gneiss 
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In the space data this lithounit is characterised by light brown to pale 
white and light grey colour with banded texture The rock shows high to 
moderate resistance to erosion and forms hogback ridges. 
Kalakot Formation 
The Kalakot Formation includes the felspathised mica-schist and gneisses 
occurring in the core of Barr Sudha synform lying to the west of Barr Formation 
The formation occupies the plain occurring to the west of Barr from southeast of 
Kutki to north of Barr Gudha for a distance of 75 km with a maximum width of 
about 6km in its central part between Barr and Nimaj and tapering gradually at its 
northern and southern extremities The exposures of this formation are seen in 
nala and well sections However, the best instructive exposures of it are seen 
around Kalakot village from where it derives its name 
The felspathised mica-schist forms the main lithounit of this formation and 
shows a gradational relationships with the quartz muscovite-biotite-schist of the 
Barr Formation , and thus the demarcation between the two is difficult at 
places (Gupta et al,1997). Syntectonic granites and related gneisses and 
migmatites (Sendra granite and gneisses) mark the boundan. between the two 
formations in the northeastern part The mica-schist shows gradual increase in 
the feldspar content from east to west As a result the felspathic schist and gneiss 
are the dominant lithology of this formation The schist is dark grey and consists 
of medium to coarse flakes of biotite, muscovite and quartz grains, garnet occur 
as accessory. Inter-foliar permeation of quartzo-felspathic material and intrusion 
of pegmatite and quartz veins within the biotite-schist has resulted in the 
development of felspathic mica-schist and gneisses The gneisses are coarse 
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grained, greyish white in colour and banded. The banding is defined by Q and M 
domains Ellipsoidal, lenticular, rounded and tabular porphyroblasts of feldspars 
are also developed at places. 
In the LANDSAT 5 TM, FCC, the rocks of the formation are 
characterised by pale white to light grey colour and banded texture with linear 
pattern The drainage density is moderate to high with trellis pattern. The rocks 
show moderate resistance to erosion which forms a pediment on the western 
slope of the AFB. 
Ras Formation 
The dominant carbonate sequence of calcitic and dolomitic maible with 
subordinate bands of calc-gneiss occurring to the west of Barr and Kalakot 
formations and forming the western lamb of the Barr Gudha synform, have been 
assigned to the Ras Formation. This formation exposed as 70 km long band 
occurring between Kurki in the north upto Deoli Hulan in the south following the 
NE-SW trending, low lying ridges and disconnected hillocks with width varying 
from about 5m to 1.5km the increase in its width is due to tight isoclinal 
infoldings within its limbs (Gupta et al, 1997). The type section of this formation 
is seen on the ridges 3 km north-east of Ras and near Gawariagarh (Fig 35) Its 
contact with the overlying and underlying lithounit is mostly covered by aUuvium 
and sand. 
The calcitic marble which covers large part of the formation shows 
gradational and interfingering relationships with the dolomitic marble and the 
calc-gneiss which occurs as intercalatory bands within it. The marble is siliceous 
at places and contains thin cherty bands which often define the intricate fold 
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geometry of the area The calcitic marble is light grey to white, fine grained and is 
essentially composed of calcite with minor amount of dolomite, quartz, tremolite, 
and serpentine The dolomitic marble bands occur in the western side of the 
formation near Dhauladi shows gradational relation with the calcitic variety 
In the space data the rocks of this formation are characterised by light 
grey to greenish in colour and banded texture with linear pattern The drainage 
density is low with sub-angular to sub-dendritic pattern. The rocks show low to 
moderate resistance to erosion 
Phulad Ophiolite Suite ( PO) 
This suite of rocks consists of epidorite hornblende schist, amphibolite, 
pyroxene granulite and gabbro These rocks occur as elongated bodies 
intermittently from west of Samantri in the southern part of the study area 
through Phulad to the northern part of the study area concordantly with the 
formational boundaries having cumulative width of 10-12 km extending for over 
a strike length of 125 km The rocks of this suite have attained high rank 
amphibolite and granulite facies regional metamorphism (Gupta, et 
al,,1997). 
Epidorites are massive, coarse grained dark grey in colour, highly altered , 
consist mainly of prismatic or a circular crystals; sometimes hornblende and 
actinolite are penetrating the feldspars A few small flakes of biotite are 
developed around the grains of hornblende The plagioclase ranges from andesine 
to labradorite, but it is highly altered to epidote and sericite ( Gupta et al, 1997) 
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Several concordant bodies of amphibolite and hornblende-schist occurring 
within the mica-schist are probably metamorphosed derivatives of the pre-existing 
basic sills The outcrops of these rocks are seen in the study area They are black 
to bluish black in colour, hard, compact, composed predominantly of dark blue 
shining needles of hornblende with minor proportions of quartz and feldspar. 
Micro-folding in hornblende crystals is commonly observed. 
Gabbro occurs in the northeast around Kui in the study area as plugs, 
dykes and sills of noritic composition in hornblende-schist The sills and dykes 
vary in length from about 4 m to 400 m emplaced along and across the foliation 
of the country rock Generally the rocks occur in the form of bouldery outcrops. 
It shows medium grained subophitic to ophitic texture and is essentially 
composed of plagioclase feldspar and pyroxenes. They show sub-hedral 
boundaries and partly or wholly altered to hornblende. Opaque ores, mostly 
magnetite, occur as accessory. These rocks have been metamorphosed to high 
rank amphibolite and granulite facies in certain places to give rise to pyroxene 
granulite They are associated with serpentinite and talc-chlorite-kyanite rocks 
within which xenoliths of garnet-rich pyroxene rocks occur at some places, such 
as at Phulad 
In the space data the rocks show dark green to brown colour and fine 
texture The drainage shows sub-angular to sub-dendritic pattern and moderate 
drainage density The rocks show high resistance to erosion and form hogback 
ridges 
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Sendra Granite and Gneiss 
The rocks of Sendra Granite and Gneiss extend to the northeast of 
Raipur along the Aravalli orographic axis and as spot exposures northeast of 
Beawar (Fig. 35). This suite comprises granite, granite-gneiss and associated 
migmatite. 
The most widespread formation exposed in the central and northwestern 
parts of the study area is granite-gneiss. These rocks show appreciable variations 
in texture and mineralogical compositions due to the fact that they are granitised 
products of different rocks such as quartzite, quartz sericite schist, hornblende 
schist and the acidic constituents, all mingled up. 
Under the microscope the granite gneiss is seen to be composed of quartz, 
potash-fddspar ( orthocline and microcline), sodic plagioclase ( alpite and 
oligoclase), biotite and hornblende showing appreciable amount of variation in 
composition and texture. The variation in the contact of feldspar and mafic 
minerals can be correlated with the intensity of the granitisation On the basis of 
texture and composition two different varieties can be identified psammitic 
gneiss and hornblende gneiss Both the types of the gneisses occur generally as a 
complex assemblage grading into one another. 
A number of medium to coarse grained granitic plutons, generally not 
exceeding 10 sq km occur within the Sendra formation The smallest body 
occupies only 4 sq km near Chitor ( Chit or Granite) and the largest, covers 
more than 10 sq km ( Chang Granite ) in the Chang reserved forest area. These 
granites are medium to coarse grained, generally homogenous, and at places, 
show crude schistosity particularly near the border region Mineralogically they 
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consist of quartz, oligoclase, biotite with hornblende Apatite, sphene and epidote 
occur as accessories 
A specimen from Chang granite north of Lalpura show highly strained 
quartz, coarse grained anhedral microcline, subhedral and slightly altered 
oligoclase with some biotite, sphene, fluorite and epidote. The rock has a 
hypidiomorphic texture. The Chit or granite shows assemblage of quartz, 
oligoclase, biotite, hornblende with some amount of epidote and apatite. 
Plagioclase grains are subhedral Microcline grains are anhedral. 
In the LANDSAT 5 TM, FCC the granite rocks are characterised by light 
grey to pale white colour and banded texture. The drainage density is low. The 
rock shows moderate resistance to erosion. The granite gneiss rocks show light 
grey to yellowish colour and banded texture. The drainage density is low to 
moderate and shows trellis pattern The rocks show low resistance to erosion 
forming erased topography. 
Punagarh Group 
The thick elastics sequence representing shales, slates, phyllites, mica-
schist and quartzite, with synsedimentation meta-basic volcanics with pillow lava, 
meta-tuff and chert deposited in interspersed continental basin in the Pali district 
of Rajasthan have been included to Punagarh Group. The rocks of Punagarh 
Group occur in roughly oval shaped outcrop northeast of Bhumadra (Fig 35). 
Elsewhere the sequence of metasediments occurring as subcrops are widespread 
in Pali district surrounded by subcrops of granite and gneiss which have been 
correlated with the Erinpura Granite and Gneiss (Gupta et al, 1997). A 
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few isolated outcrops of various dimension belonging to the Punagarh Group also 
occur within the granitic terrain south of Bilaza , northeast to west of Bala-Ki-
Dhani and east of Bhandeli. Existence of the rocks of the group are recorded in 
well sections around Marwar Junction. 
The base of the Punagarh Group is not seen anywhere ( Gupta et al, 
1997). They consider it to have been obscured by the granitic activity. The rocks 
of the group have undergone single phase of deformation and show low grade of 
regional metamorphism The type section of this group can be seen near Sojat 
city and along Ajmer-Pali highway. In the study area Punagarh Group is 
represented by Sojat, Bambolai, Khambal and Sowania formations, described by 
Gupta etal. (1997) 
Sojat Formation 
Sojat Formation comprises chiefly fine to medium grain elastics 
represented by variegated slates, phyllites, mica-schist, ferruginous brecciated 
quartz rock and minor dolomite The formation has been named after the 
township of Sojat in the neighbourhood of which the most instructixe exposures 
are seen The t>pe sections of the formation are seen near Sojat fort hill and 
Punagarh hill The contact of the formation with the underiying rocks of Sirohi 
and Kumbhalgarh Groups is obscured by alluvium and sand cover The continuit> 
of the formation has also been punctuated by alluvium and sand cover 
The slate, phyllites and mica-schist being soft and easily amenable to 
erosion have low outcrop density At a few places exposures are seen only where, 
due to hard rock capping , the rocks are preserved in hillocks The subsurface 
data obtained fi-om the well sections show the presence of mica-schist, phvllite 
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and slate The slates and phyllites are variegated in colour, fine grained, 
comprising quartz and sericite. The mica-schist comprises muscovite and quartz. 
The mica is showing preferred orientation which has given fissility. The foUation 
appears to have been formed by mechanical rotation of mica flakes, rather than 
recrystallisation. 
In the Punagarh hill the rocks of the Sojat Formation are capped by 
brecciated chert The chert appears to have been deposited over the schist and 
phyllites sequences, the Augmentation of the chert seems to have taken place 
during the diagenic processes. The fragmoats were subsequently cemented in the 
chert gel and precipitated The occurrence of the pyrite, red jasper hematite and 
limonite possibly point to the volcano-sedimentary region of the chert breccia 
which are also the host rock for the galena pyrite minerallisation in the Punagarh 
hill 
Gupta et al., (1997) have included the chert breccia in the Sojat 
Formation However, on consideration of depositional environment the bedded 
chert of the Punagarh hill mineralogically may be included in the Bambolai 
Formation of the Punagarh Group as the depositional of the bedded chert would 
have followed the volcanic extrusion of the flows of the Bambolai Formation 
In the FCC, the rock of this formation is characterised by light grey to 
pale white colour and banded texture with linear to curvilinear pattern. The 
drainage density is moderate and shows sub-dendritic to trellis pattern The rocks 
of this formation show low to moderate resistance to erosion and forming erased 
topography 
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Bombolai Formation 
The formation comprises chiefly fine to medium grained elastics 
represented by a succession of shale, slate, quartzite and synsedimentational 
basaltic flows. The formation has been named after a village Bombolai in the 
neighbourhood where the type sections are seen. The rocks of the formation are 
traceable between Jungalao in the north and Akli in the south over a strike 
distance of nearly 40 km The contact of the formation with the underlying 
Khambal Formation is obscured by alluvium. At Nimli and Khatawas the rocks 
of the Bambolai Formation are conformably overlain by the quartate of the 
Khambal Formation. 
The shale and slates being soft, amenable to erosion, have low outcrop 
density. These occur as sub-crops below the alluvium The quartzite occurs as 
linear isolated hogbacks emerging from the plains following NE-SW trend of the 
Aravalli orographic axis. The quartzite varies in shades of grey, brown, buft* and 
occasionally pink and is massive well bedded and medium grained. The quartzite 
beds of Bombolai hill vary in thickness from 10 m to 25 m. On the basis of this, 
the quartzite and shale beds three flows have been recognised in the hill. Each 
flow of basalt consist of several flow layers with each flow being defined by 
amygdule free bottom and amygdule rich top. The inter-flow period is marked by 
the deposition of layers, represented by quartzite, shale and slate sequence in the 
area. 
In the thin sections basalt shows sub-ophitic, spherulitic and hyalophitic 
textures and perlitic cracks The minerals are crystalline grains of augite, 
plagioclase, epidote, calcite, quartz, iron ore and volcanic glass Augite is altered 
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to hornblende and chlorite Plagioclase occurs as laths with dusty inclusions. 
Skeletal iron ores occur as accessory minerals Amygdaloidal cavities show 
irregular grains of calcite and recrystallised silica Glassy material also lies in the 
cavities. It shows concentric devitrification rings made of calcite, epidote, iron 
ore and glass Pelitic cracks are commonly filled with glassy material or epidote. 
Khambal Formation 
The quartzite with synsedimentational basaltic flows extending fi'om 
Khambal in the north to west of Punagarh in the south forming a double plunging 
synclinal structure have been giving a status of formation in the Punagarh Group 
(Gupta et al, 1997) The type section of the formation is seen south of Khambal 
village (Fig. 35) 
The quartzite defining the synclinal structure of the Punagarh-Khambal 
synform in the area occurs as linear ridges trending Nl5E - SI5W showing rough 
parallelism with the Aravalli orographic axis across the Marwar plain. The 
quartzite is grey to dark grey occasionally Pale white, locally massive and 
compact It is well bedded, medium grained, unimodal comprising subrounded 
grains of quartz which are cemented by silica. The quartzite is an ortho-quartzite 
and generally- different fi-om the other quartzite of the Delhi Supergroup which 
have undergone recrystallisation and the grain elongation is parallel to the 
regional foliation Northwest of Jadal basic flow extending for distance of 5 km 
has been recorded It is amagdualar comprising amagydulas of calcite, epidote 
and silica The basic flow is dark fine to medium grained showing ophitic texture. 
The plagioclase lattice penetrates into augite and shows subophitic texture. The 
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volcanic glass is abundant in the ground mass The contact of the volcanic flow is 
chilled at the subface and vesicular at the superface. 
Sowania Formation 
The Sowania Formation comprises chiefly fine to medium grained elastics 
represented by a succession of shale, slates, phyllites, quartzite and basic 
synsedimentational flows. The formation has been named after the Sowania 
village in the neighbourhood of which along a nala the most instructive exposure 
is seen. The rocks of the Sowania Formation are traceable from the southwest of 
Baaii Suristan in the north to the northwest of Punagarh in the south. The rocks 
are exposed in the nala sections and at ground level occurring as linear isolated 
exposures emerging from the plains. 
The shale, cherty shales, slates, phyllites have low outcrop density in the 
area. The subcrops seen in well sections below the alluvium have been used to 
map the spatial spread of the formation 
The quartzite occurring as intercalations within the formation, isolated 
exposures cropping out from below the alluvium. It varies in shades from grey , 
brown to buff It is massive, well bedded and medium grained The thickness of 
the individual beds varies from 0.5m to 5 m. In the thin sections, the quartzite is 
fine grained, equigranular comprising clasts of quartz, feldspar, muscovite and 
iron ores Quartz grains are not much strained but at places are sutured and the 
contacts have limonitic material 
The basic flows are well exposed in the Sowania nala section, the flow 
display amygdules, vesicles and pyroclastic breccia The basic flow shows fine 
aphanitic bottom, chilled contacts with underlying rocks and vesicles at the top 
151 
The vesicles are filled with calcite, epidote, secondary silica, and glassy material 
The thickness of the individual layer is not discemable at places but wherever 
intraformational rocks like quartzite, slate and shale are present, the thickness of 
the individual flow can be infiored which vary from Im to 5m In the thin sections 
basalt shows subophitic texture comprising plagioclase and augite Augite occurs 
as phenocrysts in sub-ophitic inter-growth with plagioclase The plagioclase 
occurs as laths wdth dusty inclusions of iron ore, amygduloidal cavities are filled 
by accessories like epidote, calcite, iron ore and quartz. 
Erinpura Granite and Gneiss ( Egr) 
The granite and gneiss represent the late to post-Delhi acidic intrusive 
They occur in the western part of the study area around Pali basin and in the west 
of the Aravalli Fold Belt. Heron, (1953) considered these as post-Delhi acidic 
intrusive. 
The principle exposures of Erinpura Granite at Erinpura road show 
dominant type of coarse porfAyritic variety with phenocrysts of potash feldspar 
This type is intruded by dykes of fine to medium grained biotite-granite, aplite 
granophyre (?) and pegmatite which are perhaps genetic derivatives of the granite 
proper (Gupta etal, 1997) 
The granite is often foUated with discernible orientation of the feldspar 
phenocrysts, the central portion of the larger exposures are massive Foliation is 
pronounced along the periphery at contacts with the older rocks where the 
granite assumes a gneissic character, occasionally carrying alternating layers of 
mafic and felsic material This foliation in granite is conformable to that of the 
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country rock and strikes nearly NNE-SSW with steep easterly dips Migmatites 
are developed along the intrusive margin of the granite and older metamorphites 
In the porphyritic variety of Erinpura Granite the phenocrysts are 
dominantly of potashic feldspar, quartz and oligoclase with biotite as the most 
frequent mineral Muscovite, apatite, magnetite and zircon occur as accessory 
The Erinpura granite shows variation in texture and mineral composition 
from place to place Texturally, it varies from fine to coarse and in mineral 
composition, from ferromagnesian-mineral to ferromagnesian-mineral rich 
varieties. Coarse grained, ferromagnesian mineral rich granite is the dominant 
type. Further, it has been noticed that, with the development of large sized 
crystals of feldspar as phenocrysts, the rock assumes a porphyritic texture At 
several places the medium grained granite, with the development and gradual 
increase in the number and size of the phenocrysts passes into a coarse grained 
type. In most of the coarse grained granite, mainly with the feldspar more than 1 
cm in size, the constituents are much smaller in size. These granite can be 
classified on the basis of their texture into 
(i) Fine grained (ii) Medium grained, (iii) Coarse grained, (iv) Very coarse 
grained types and on the basis of the ferromagnesian mineral content into: 
(i) Ferromagnesian mineral free 
(ii) Ferromagnesian mineral bearing (0-5%) 
(iii) Ferromagnesian mineral rich (7-55%) 
Erinpura granite is usually porphyritic in texture and mainly the granite is 
made up of quartz, feldspar and a few ferromagnesian minerals and accessories 
The feldspar present are perthite, orthoclase. plagioclase, and microcline in that 
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order of abundance Biotite, chlorite and hornblende are the ferromagnesian 
minerals The accessories are apatite, zircon, sphene, epidote, iron ore, fluorite, 
muscovite and calcite. 
The different types of Erinpura Granites are inferred to be only local 
varieties of the coarse grained grey granite rich in ferromagnesian minerals. The 
igneous activity associated with the Erinpura Granite came to an end with the 
emplacemoit of apatite and quartz veins. 
A large tract of the Erinpura granite and gneiss covers the western part of 
the study area around Pali and surrounding area. Gupta et al., (1997) studied the 
areas, and due to the paucity of exposures it has been grouped into unclassified 
category (Egrc). 
The porphyritic variety of granite is characterised by the well developed 
phenocrysts which are dominantly of microcline. The groundmass is composed of 
potash feldspar, quartz, oligoclase and biotite. Potash feldspar includes microcline 
and rarely orthoclase and micropelites. Quartz shows sutured marginal 
granulation, strained extinction and contain variant hair like inclusion Common 
accessory minerals are muscovite, apalite, sphene, almenite and magnetite. The 
fine to medium grained grey varieties differ from the above type in containing 
higher proportion of potash feldspar and biotite. 
Malani Suite 
On the western of the AFB and in the area around Pali, granite, gneiss and 
acidic volcanics occur in great profession. A Thermal events which have been 
dated as 0 74 by are a wide spread in the western plain of Marwar in Rajasthan. 
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These granites have been variously mapped as Edor granite, Kotaser Granite, 
Merpur Granite and Jalor Granite, their equivalent volcanics represent by Malani 
Rhyolites. In the present study this thermal event mapped as Malani Suite (Fig. 
35). 
Heron (1953) and Gupta et al., (1997) consider the granite and gneisses 
exposed around Mont Abu and Erinpura-Sumerpur areas which form the type 
section of Erinpura Granite as post Delhi acidic intrusives. The dating carried out 
for the granite from Sumerpur area have provided the age of 0.74 by. It may be 
of interest to note that the granite and gneiss to the west of AFB which have been 
dated at 0 74 by. were correlated with the granite and gneiss on the east of AFB, 
which are found to be 2.85 by old. In the present study, the Erinpura Granite 
and Gneiss and their volcanic equivalents, represented by Malani RhyolifKphflve • 
been separated into younger magmatic events which are possibly unrelated to the 
geotectonic evolution of the Aravalli - Delhi supergroups. 
The Erinpura Granite appears to be independent of the Willeson Cycle 
This is contrary to the belief of some authors who correlated the Delhi orogen 
interms of Wileson Cycle (Sinha Roy,1995 ;Gupta et al., 1997 ). It is proposed 
that Malani Suite comprising rhyolite (volcanic phase) and Erinpura granite and 
gneiss (Granite and gneissic rocks of plutonic phase) represent a thermal event of 
0 74by. 
It is interesting to note that this thermal event is restricted spatially to the 
west of the Aravalli Frontal Fault The Erinpura Granite forms good exposures at 
Erinpura, Sumerpur and Jawiband in the south and Himawas and Pali in the 
155 
north. The rhyolites in the study area are exposed between Miniari and 
Bhaonagar in the Pali district (Fig 35). 
The granite is coarse, porphyrtic with phenocrysts of orthoclase and 
microcHne The porphyritic granite is closely associated with coarse grain non-
porphoritic varieties The Erinpura granite is specially associated with fine to 
medium grain biotite, aplite and pegmatites which occur as veins crossing the 
country rocks, comprising felspathised migmatites which are dexeloped as 
migmatites along the intrusive margin of the granite and older metamorphites. 
CHAPTER - V 
MICROLINEAMENT ANALYSIS 
General Statement 
The linear and curvilinear features in the crust are called as lineaments 
(Hobbs,1904) The lineaments are exogenic expression of the linear fabric 
controlled by the geology, geomorphology and geophysical characteristics of the 
crustal units The satellite and airborne remotely sensed data provide synoptic 
view It permits study of the linear photo-fabric in the remotely sensed data and 
enhance the understanding of morphology and the genesis of lineaments. The use 
of photo-geophysical techniques is made to help in depth understanding of the 
evolution of the structural fabric of the crust (Scott, 1914 , Bucher, 1920 , 
Sangree et al ,1961 , Prince, 1966 , Qureshy, 1982 , Davis, 1984 , Mustafa, 
1996). 
Lineament Terminology 
The term lineament is used to describe the mapable, simple or composite, 
linear features (Hobbs, 1904, 1912 , Sabins, 1987). Lattman, ( 1958 ) defined the 
photo-geologic lineament as " a natural linear features consisting of topographic 
(including straight stream segment ), vegetation or soil, tonal alignments visible 
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primarily on aerial photographs and expressed continuously or discontinuously 
for many miles " 
In the structural analysis the terminology for the linear photo-fabric has 
been variously described as lineation, linear and lineament (O'lary et al, 1976 , 
Kaam, 1994) The term linear has been used to describe line like character of an 
object or an array of objects (Sabins, 1987). The lineation refers to one 
dimensional fabric of rocks (Davis, 1984). The lineament are simple or composite 
linear features which may be continuous such as a scarp line, fold trace etc. or 
discontinuous such as a linear stream, linear tonal expression etc (Sabins, 1987) 
The discontinuous lineaments have received attention of the structural 
geologist as these are the exogenic expression of the basement and crustal 
features in the supracrustal Table -VII present the classification of the lineament 
Table- VII 
Blanchet, (1957) 
Micro-fracture 
<2.5 miles 
Macro-fracture 
2.5-50 miles 
Lattman,(1958) 
Fracture trace 
<1 6km 
Lineament 
>1 6km 
Bakliwal ant 
Ramasamy, (1984) 
minor < 100km 
Intermediate 
100-300 km 
Major < 300 km 
Abdussalam & 
Iqbaluddin,(1997) 
Microlineament 
(fracture control) 
Trend 
lines (phototrend) 
In the present study the linear photo-fabric has been separated into 
microlineaments and photo-trends The microlineaments are fracture controlled 
and are morpho-tectonic expression of joints, faults and fractures in the rocks and 
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trend lines which represent the linear photo-fabric defined by bedding, photo-
strike and foliation The microHneament and trend lines which constitute the 
linear photo-fabric were mapped and used in the present study to interpret the 
stress trajectories in terms of ol, a2 and o3 
Scope of the Study 
The LANDSAT 5 TM FCC of the AMR was studied using the image 
interpretation technique The imagery interpretation technique is the time and 
cost eflFective tool for locating and mapping the linear features from the 
remotely sensed data The fractures, joints and faults are morpho-tectonically 
expressed as microlineaments which are linear or curvilinear features defined by 
linear photo-fabric in the imageries (Fig 36) 
The linear photo-fabric which is restricted to the formational boundaries 
is considered as morpho-tectonic expression of a planar tectonic anisotropy (SO 
& SI etc) and has been mapped as photo-trends The linear photo-fabrics cutting 
across the formational boundaries and morpho-tectonically controlled by joints 
and faults in the AMR have been mapped as microlineaments The spatial 
analysis of the linear photo-fabric has been attempted to decipher the palaeo-
stress distribution of the Proterozoic rocks of the AMR (Abdussalam and 
Iqbaluddin, 1997) 
The fracture analysis of the microlineaments of the Aravalli Mountain 
Range has been attempted using orientation analysis, iso-fracture density analysis, 
microlineament incidence density analysis and microHneament intersection density 
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analysis (Iqbaluddin and Ali, 1986) to interpret the palaeo-stress distribution of 
the study area in different tectonic regimes. 
Besides, the trend analysis of the planar tectonic anisotropy of the study 
area has been carried out using the photo-trends as a linear fabric to interpret the 
ol trajectory for various sectors (Abdussalam and Iqbaluddin, 1997) 
Methodology 
The LANDSAT 5 TM FCC of bands 2,3 and 4 has been studied through 
visual interpretation techniques using photo recognition elements ( Sabins ,1987, 
Swain,1978;Siegal,1979) 
The linear photo-fabric was separated into microlineaments and photo-
trends. The fracture controlled exogenic linears were assigned as micro-
lineaments and bedding and foliation controlled linears were mapped as photo-
trend ( photo-strike ). The axial trace of major antiforms and synforms were 
mapped using line symbols 
Fractures, Joints and Faults 
These occur as microlineaments expressed on the imagery as local 
rectilinearity of drainage channels, linear vegetation pattern, changes in micro-
relief, linear photo-texture and linear tonal variation About 378 microlineaments 
were mapped using dashed symbols The non-fracture controlled fabric and 
second order fractures were eliminated by fihering. These microlineaments were 
subjected to orientation, intersection density, iso-fracture density and incidence 
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density analyses The stress trajectories were calculated for the study area based 
on present state of finite strain of brittle failure in the AMR 
Bedding, Foliation and Planar Tectonk Anisotropy 
The excellent exposures of the outcrops in the AMR makes the bedding 
and foliation easy to recognise fi-om the FCC. The bedding and foliation in the 
FCC are expressed as banded photo-tones, homogeneous tone along dip slopes of 
the hogback ridges These features have been mapped as trend lines of planar 
tectonic anisotropy, photo-strike and photo-dip. 
Structural Sectors 
The study area in the AMR ( Fig.36) was separated into three sectors, 
namely, the Beawar, Phulad and Dasuri on the basis of their structural 
homogeneity and tectonic similarity. The orientation of the microlineaments 
%vithin each sector were measured The microlineaments of the three sectors in 
the study area were tabulated into 10°class interval and recorded on Table- VIII. 
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Class intcnal 
10 » 
0-lON 
11-20 N 
21-30 N 
3I-40N 
41-50 N 
51-60 N 
61-70 N 
71-«)N 
81-90 N 
91-100 N 
101-1 ION 
111-120 N 
121-130 N 
131-140 N 
141-150 N 
151-160 N 
161-170 N 
171-180 N 
Table- VIII 
Sector Beawar. 
No.of 
Microlineament. 
3 
3 
3 
7 
7 
11 
11 
4 
5 
7 
6 
8 
6 
10 
14 
4 
3 
8 
Sector Phulad. 
No.of 
Microlineament. 
7 
2 
7 
8 
6 
10 
10 
8 
6 
5 
11 
12 
11 
9 
7 
7 
2 
3 
Sector Dasuri 
No.of 
Microlineament. 
3 
2 
6 
5 
12 
5 
6 
9 
11 
1 
2 
6 
' 
11 
5 
6 
7 
' 1 
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Axial Trace Geometry 
Figure (36 a & b) show the structural fabric of the selected Beawar, 
Phulad and Dasuri sectors using the criterion of the homogeneity of style and 
orientation. The axial trace orientation of each sector was mapped and the 
direction of maximum compressive principle stress was detennined normal to the 
axial trace. The axial trace of folds in the study area were mapped with the help 
of the orientation from the surface. The ground truth has been taken from 
external sources (Gupta et. al. 1997). See Table - IX. 
Table - IX 
SECTOR 
BEAWAR 
PHULAD 
DASURI 
AXIAL TRACE OF FOLD 
N40E-S40W 
N30E-S30W 
N40E-S40W 
ol TRAJECTORY 
N50W-S50E 
N60W-S60E 
N50W-S50E 
Orientation Analysis 
The azimuthal measurements of the photo-trends and the 
microlineaments, mapped from the imagery (Fig. 37), were made for orientation 
analysis ( Ali, 1982 , Iqbaluddin and Ali,1986 ).The data were tabulated and 
plotted on a circular histogram with 10° class interval. The visual evaluation 
of the circular histogram was made for scanning the major trend in different 
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CRCULAR HISTOGRAM OF THEND DA1> 
BEAWAR SECTOR. 
ORCULAR HISTOGRAM OF TREND DATA 
PHIAAD SECTOR. 
CIRCULAR HISTOGRAM OF TREND DATA 
OASUn SECTOR. 
N 
• • ^ ^ 
^K A 
- ^ ^ 
/ 
al A.F. 
Figure-37 Rose Diagram and Axial Fold of the Sectors 
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sectors. The data were subjected to filtration processes to remove noise caused 
by the secondary fracturing (Iqbaluddin and Ali, 1986). The mathematical mean 
of the major trends was determined to obtain the cardinal shear direction. The 
bisectors of the cardinal shear fracture sets for each sector were determined. The 
orientation of the acute bisector indicate the a l trajectory (Fig. 3 8). The Table- X 
presents the sector wise orientation of ol trajectories. 
Table - X 
SECTOR 
CARDINAL 
SHEAR FRCTURE 
Sinistral / Dextral 
AXIAL TRACE 
OF 
FOLD ORIENTATION 
al 
TRAJECTORY 
FROM CSF. 
BEAWAR 
N^ 
N70W-S70E 
Dextral 
N40E-S40W N35W-S35E 
raULAD 
N30W-S30E 
N60E-S60W 
Dexttal 
N30E-S30W N75W-S75W 
DASURI 
NIOE-SIOW 
N60E-S60W 
Dextial 
N40E-S40W N55W-S55E 
A- BEAWAR SECTOR 
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A.F. = Axial Trace of Fold 
E.F. = Extension Fracture 
S.F. = Shear Fracture 
R.F. = Release Fracture 
B- PHULAD SECTOR 
C- DASURI SECTOR 
Figure- 38 Conceptual Kinematics Model for Structural Evolution of the AMR 
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Microlineament Intersection Density Analysis 
The microlineamoit intersections were plotted on an overlay from the 
microlineament map of the three sectors The study area was delineated into cells 
of 15'xl5' size (Fig 39). The cell boundaries were so chosen to make it possible 
for each cell to have some value of microlineament intersections. The number of 
microlineaments intersections present in each cell were plotted as the cell vahie in 
the central part of the cdl Rolling means analysis of the microlineament 
intersection density values of each cell was carried out for two dimensional 
smoothening of the data The inhomogeneties caused in spatial distribution of the 
microlineaments in certain areas were smoothened out by subjecting the data to 
trend surface analysis by moving average method (Iqbaluddin and Ali ,1986). 
Two dimensional smoothening of the data was achieved by providing 
high percentage overlap. The rolling means value ( Md ) for each cell was 
computed by gi\ing 88.89% overlap and twice weightage to the cell value ( D ) 
of the central cell by using the expression : 
Md = (Id+2D ) / n 
where : 
Md = Rolling mean of microlineanient intersection densit> \alue of the central cell 
Id = Total of the cell value of microlineament intersection dcnsit> \alues of the 
overlap area 
D = Cell xaluc of the microlineanient intersection densit> of the central cell. 
n = Total number of the cells. 
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The value Md for each cell inrespect of microlineament intersection density was 
entered as the cell value. The area was contoured by using computer programme 
to obtain microlineament intersection density contour map. The microlineament 
intersection density maxima were plotted from the microlineament intersection 
density contours (Fig. 40). 
Microlineament Iso-fracture Density Analysis 
The study area was delineated into cells of 15'xl5' size (Fig.39). The cell 
boundaries were chosen to enable each cell to have some microlineament. The 
microlineaments present in each sectw were counted and plotted on an overlay 
from the microlineament map. The nunri)er of microlineaments in each cell were 
plotted as the cell value in the central part of the cell. Rolling means analysis of 
the microlineament density values of each cell was earned out for two 
dimensional smoothening of the data. The inhomogeneties caused in spatial 
distribution of the microlineaments in certain areas were smoothened out by 
subjecting the data to trend surface analysis by moving average method 
(Iqbaluddin and Mi, 1986). 
Two dimensional smoothening of the data was achieved by providing 
high percentage overlap. The rolling means value ( Md ) for each cell was 
computed by giving 88 89% overlap and twice weightage to the cell value ( D ) 
of the central cell by using the expression 
Md = (Id+2D)/n 
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where: 
Md = Rolling mean of microUneainent iso-fracture density value of the central cell. 
Id = Total of the oell value of microlineament iso-fitactuie densit>' values of the 
overlap area. 
D == Cell value of the microlineament iso-fracture density d the central cell. 
n = Total numbered the cells. 
The value Md for each cell inrespect of microlineament density was entered as 
the cell values. The area was contoured by using computer programme to obtain 
microlineament iso-fracture density contour map. The microlineament iso-
fracture density maxima were plotted from the microlineament iso-fracture 
density contours (Fig.41). 
Microlineament Incidence Density Analysis 
The study area was delineated into cells of 15'xl5' size (Fig.39). The cell 
boimdaries were so chosen that possible each cell had some vahie of 
microlineament incidence. The total length of the microlineaments present in each 
cell were plotted as cell value in the central part of the cell. Rolling means 
analysis of the microlineament incidence density values was carried out for two 
dimensional smoothening of the data The inhomogeneties caused in spatial 
distribution of the microlineaments in certain areas were smoothened out by 
subjecting the data to trend surface analysis by moving average method 
(Iqbaluddin and Ali,1986) 
Two dimensional smoothening of the data was achieved by providing 
high percentage overlap. The roUing means value ( Md ) for each cdl was 
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computed by giving 88.89% overlap and twice weightage to the cell value ( D ) 
of the caitral cell by using the expression : 
Md = ( Zd+2D) / n 
where : 
Md = Rolling mean of microlineament incidence densit>- value of the central cell. 
Id = Total of the cell value of microlineament incidence densit>- \-alues of the o\-erlap 
area 
D = Cell value of the microlineament incidence densit}'of the central cell. 
n = Total number of the cells. 
The value Md for each cell inrespect of microlineament incidence density 
was entered as the cell value The area was contoured by using computer 
programme to obtain microlineament incidence density contour map. The 
microlineament incidence density maxima were plotted from the microlineament 
incidence density contours (Fig.42). 
Kinematics Model for Structural Fabric and Discussion 
The Fracture analysis of the microlineaments of the Aravalli Mountain 
Range (Fig.36) has been attempted using, orientation, iso-fracture, incidence and 
intersection density analyses techniques Table- XI 
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Table - XI 
SECTOl 
BEAWAR 
PHULAD 
DASURI 
crl Trajectory 
from A TF. 
N50W - S50E 
N60W - S60E 
N50W - S50E 
<TJ Trajectory 
from PT. 
N50W- S50E 
N60W- S60E 
N50W- S50E 
al Trajectory 
from CSF 
N35W-S35E 
N75W-S75E 
N55W-S55E 
erJ Trajectory 
from IDA. 
N49W-S49E 
N49W-S49E 
N49W.S49E 
Note ATF = Axial Trace of Fold . PT = Phototrend ,CSF = Cardinal Shear Fracture, 
IDA ~ Intersection Densin- Anah'sis 
The al trajectories were independently computed from orientation 
analysis techniques of photo-trends and microlineament density analysis 
techniques (intersection density, iso-fracture density and incidence density). The 
computed ol trajectories from orientation and the microlineament density 
analysis were correlated with a l trajectory determined from the axial trace of the 
folds 
The palaeo-stress distribution for the Proterozoic Aravalli rocks of India 
wis interpreted in terms of a l , a2 and a3 orientation The stress distribution 
was obtained using microlineament in conjunction with ground strain deduced 
from fold elongation and axial orientation The conceptual kinematics models 
for stress distribution system were plotted ( Fig. 38) using the relationships of 
stress, fractures, trend lines and axial orientation for the Aravalli Fold Belt 
The trend analysis of planar tectonic anisotropy of the Proterozoic rocks 
of the Aravalli region has been carried out using the photo-trends as linear to 
interpret the al trajectories for Beawar , Phulad and Desuri sectors (Fig 37). 
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The trend analysis of planar tectonic anisotropy of the Proterozoic rocks 
of the Aravalli region has been carried out using the photo-trends as linear to 
interpret the ol trajectories for Beawar, Phulad and Desuri sectors (Fig 37). 
The study suggests good correlation between the palaeo-stress 
distribution derived through trend analysis of planar tectonic anisotropy, 
orientation and intersection density analyses of the microlineaments. 
The microlineament intersection density map shows paraDelinn with the 
general trend of the Aravalli Fold Belt The NE-SW orientation reflects the 
elongation in the Aravalli Fold Belt The correlation between ol trajectories 
deduced from microlineament analysis and photo-trend is good. It is proposed 
that in the areas of mild deformation and for planetary bodies where fracture 
analysis can not be done due to resolution factor, the trend analysis can be 
reliably applied to interpret the stress distribution system. 

GEOPHYSICAL MODELLING 
General Statement 
The Aravalli Mountain Range (AMR), presumably one of the oldest 
mountain system in the world, still retains some relief Their tight synclinoriam, 
Aravalli Fold Belt (AFB) comprises quartzite, schist, amphibolites etc of the 
Aravalli-Delhi geological cycles (2 5-0.8 by) . 
The area was peneplained in the later Mesozoic and afterwards 
peneplained second time in the Tertiar>- in the eastern Marwar Plain which much 
of it is covered by veneer of older allu\ium, and according to Heron (1938) has 
itself been recently peneplained in the Pleistocene. These Tertiary and Pleistocene 
peneplains meet at about 424m in the central part (Iqbaluddin, 1989) West of the 
AFB orographic axis the alluvium is at about 305m thick and smothered by the 
blown sand from the Thar Desert and Rann of Kutch. 
The geophysical coverage over the AMR is available on the regional scale 
only. It comprises the set of the gravit> anomaly maps of India by NGRI (1978), 
atlas of the gravity anomalies of Rajasthan and Gujarat by Geological Survey of 
India (1988) and the satellite based Free-air anomaly field released by the NASA, 
USA (1982) 
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An analysis of the isostatic anomaly across the Aravalli Mountain Range 
has been attempted to get an insight to the intracrustal density variation, possible 
cnist- mantle relationship resulting from the isostatic compensation and clues to 
cratonjc evolution processes in the region 
The AMR is bounded in the west by low gravity anomaly over the Thar 
Desert and in the east by low gravity anomaly over the Vindhyan Basin The 
basic geology of the study area was studied by Hacket, (1881), Coulson, (1933) 
; Heron, (1953) and Gupta et al., (1997). The AMR forms the most conspicuous 
geologic and physiographic features of the study area. It is composed the rocks of 
early to middle Proterozoic age The oldest geological cycle is represented by the 
Bhilwara Supergroup (> 2 5 by) that largely includes the metasedimentary 
sequence with migmatitic complex and igneous intrusives The Bhilwaras are 
unconformably overlain by the Aravalli Supergroup (2 5 by to 2 0 by.) 
consisting mainly of elastics with subordinate chemogenic sediments v^ ith 
intrusives and metamorphosed folded clastogenic sediments. The Delhi 
Supergroup (2 0 by to 08 by) comprises mainly the metamorphosed, 
ferrugeneous and clastic (with subordinate chemogenic) sediments and related 
concordant and discordant intrysives 
Data Collection 
The data used during the study were collected from various sources, the 
surface geolog\ of the area has been compiled through the interpretation of the 
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remote sensing data, the geological map of the area (Gupta et al, 1982) and the 
published literature. 
The geophysical data in the form of free-air, Bouguer and isostatic 
anomalies maps by NGRI (1978), the isostatic anomaly map by Qureshy (1970) 
and the global free-air anomaly map (NASA, 1982) were used in the course of 
this study. 
The density measurements of the various lithounits have been carried out 
by estimating the density directly from the rock samples collected along the 
selected traverses during the field work in the area 
Methodology 
The gra\ity modelhng in parts of the AMR has been carried out using the 
isostatic anomaly variation to arrive at the permissible geological section for the 
selected profiles which were prepared from the geological map of the area The 
geological information used in this modelling was produced through the visual 
interpretation of the remote sensing data in the form of image and digital picture 
of the LANDSAT 5 TM and IRS-IB LISS-II of the area. Talwani's two 
dimensional computer programme of gravity modelling was used (Talwani, 
1958) 
The modelling has been carried out along the said traverses. The first 
traverse (A-B, Fig.48a) passes from Jajiwal Railway Stations in the NW' to 
Bijianagar and beyond in the SE The second traverse commencing in the NW 
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passes through Pali and Bhilwara and beyond over the Vindhyan in the SE 
(Fig.49a) 
The permissible geological sections constructed for both the traverses are 
based on the geomorphological, geological, tectonic setting and the gravity of the 
area. The seismic section parallel to the profile across the AFB fi-om 
Nagaur to Kota (Tewari et al, 1995, 1998) were considered The polygons 
of the possible subsurface configurations of the lithounits and the crust-mantle 
relationship in the study area were designed using the geological map as base for 
extracting the litho-contacts and the isostatic anomaly profiles These polygons 
were stored in a computer data file in the binary mode (GVP.DAT) The isostatic 
anomaly profiles were digitised manually and stored in another computer data file 
(BOO DAT). The densities were entered to the computer machine to bring out 
density contrasts by assuming the density of the crust 2850 kg/m' and the density 
of the mantle as 3270 kg/m\ Using these data files the Talwani program for 2-D 
gravity modelling was run This procedure was repeated till the observed and the 
calculated anomalies matched or the difference became negligible The results 
were plotted using computer graphic packages (Fig 48a and Fig 49a) 
In some places along the profiles the high isostatic anomalies (+60 
mGals) appeared on the Aravalli Mountain Range The surface lithounits alone 
could not satisfy this amount of the anomaly In such case the designing of high 
density material at the crust-mantle boundary in the form magmatic underplating 
was attempted to the study area for explaining the anomaly variation across the 
Aravalli Mountain Range 
185 
Gravity Analysis 
Density Measurements 
The density of the hand specimens were measured using Walker Steel 
Balance This technique is dependent on the weight of the mass in the air and the 
mass in the water by measuring the distance of the balance arm by weighing in the 
air and water. The density was calculated using the formula. 
Specific Gravity = B / (B-A), where A is the length of the balance arm 
in the water and B is the length of the balance arm in the air The measuring 
processes were repeated three times for each sample, the average weight for each 
sample was accepted as the density of the rock. Table- XII records the density 
values of the various rocks in the study area. 
Table- XII 
Rock Name 
Amphibolite 
Augen-Gneiss 
Arkose 
Biotite-Schist 
Bhilwara Volcanics 
Dolomite 
Granite 
Ophiolite 
Density, kg/m^ 
2780 
2800 
2670 
2560 
2900 
2700 
2680 
3000 
Rock Name 
Quartzite 
Q-F material 
Meta-Volcanic 
MicaPegmatite 
Migmatite 
Pegmatite 
Phyllite 
Density ,kg/m^ 
2690 
2600 
2700 
2580 
2720 
2520 
2500 
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Free-Air Anomaly 
The Free-air anomaly map of the study area (Fig 43) has a maximum high 
+60 mGals over the southern part of the Aravalli Mountain Range and +50 
mGals over the northern part near Beawar. The free-air anomaly map shows 
general positive anomaly over the Aravalli Mountain Range with steep gradient 
falling over the AFB This positive anomaly bounded in the northwest by local 
low -30 mGals over the Punagarh area and Marwar basin north of Pali The 
eastern Mewar plain is characterised by low free-air anomaly which decreased 
further towards the east upto -40 mGals along the Bhilwara-Vindhyan contact. 
Over Berach Granite the anomaly is -30 mGals 
To the west of the Jajiwal R S , the free-air anomaly increases over the 
area where Malani Suite is exposed The anomaly shows a value of -15 mGals 
The free-air anomaly has the highest value over the Aravalli mountain Range 
decreasing gently towards the east and steeply towards the west 
Bouguer Anomaly 
The Bouguer anomaly map of the study area (Fig 44) shows a number of 
'highs' and Mows" similar to what is obtained in the free-air anomah map The 
main Aravalli Mountain Range is characterised by positive Bouguer anomaly 
closure with +10 mGal contour along its axis The rest of the stud\ area is 
characterised by negative Bouguer anomaly values, Bhilwara -50 mGals, 
Bijianagar -25 mGals, Pali -40 mGals, and Jajiwal R S. -50 mGals In the eastern 
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part of the study area the Vindhyans have the lowest value of the Bouguer 
Anomaly which is -70 mGals. 
Isostatic Anomaly 
The isostatic anomaly map of the study area (Fig 45) shows a 'high' 
positive gravity anomaly over the Aravalli mountain Range +50 mGals bounded 
by 'low' gravity anomaly of -10 mGals in the northwest over the Marwar 
Supergroup and Punagarh Group of Delhi Supergroup. The prominent low 
gravity anomaly occurs over the Vindhyan basin decreasing to -70 mGals SE of 
the study area The crustal thickness is in the order of 37-40 Km (Qureshy and 
Abdussalam, 1998) across the profile corresponding to an elevation of 0.3 to 0.6 
km as calculated fi-om the equation given by (Qureshy, 1970). T^ 35 ~ 5.9 E , 
this implies that the petrologic crust-mantle boundary is equilibrated around this 
depth These values matched with Moho depths represented by controlled seismic 
source profiling by Tewari et al., (1995,1998) and Reddy et al., (1995). This 
comparison of the isostatically computed crustal thickness and Moho fi'om 
seismic profiling to be in close agreement. It requires an independent explanation 
for the isostatic anomaly variation. 
The departure in the form of the isostatic anomaly can not be attributed to 
the density variations within the exposed rocks along the traverses unless they are 
assumed to extend to depth greater than 20 km However, the other contributor 
to this anomaly may be the high density masses at the crust-mantle boundary 
The isostatic anomaly values in the area range fi^om -20 mGals to +60 
mGals Howe\'er, there are zones with negative anomaly in the northwest and 
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southeast of the area around Sojat-Pali tract and east of Bhilwara The high 
isostatic anomaly forms an elliptical shape The steep contours on the west on the 
free-air and Bouguer anomaly maps compare to these on the isostatic anomaly 
map indicate that the elevation of the terrain of the study area has modified the 
gravity anomaly and shifted the maximum eastward (see Fig. 46 & 47) 
The gravity anomaly departure with low magnitude over Sojat-Pali tract 
may be due to the low density of the young sediments of the Marwar Supergroup 
and Punagarh Group of rocks Further to the west the gravity anomaly increases 
due to the heavy density material of the Malani volcanics which are patchy 
exposed in that area and may be present underneath the alluvial and sand 
Gravity Modelling 
Limitation of the Model 
A unique interpretation is almost impossible through gravity observations 
because of the superimposed effects of many mass distribution laterally and 
vertically The gravity is the contribution of all these masses which give the 
gravity anomaly The 2-D model using the Talwani et al., (1958) technique was 
used in the study The heavy material in the form of magmatic underplating at the 
crust-mantle boundary were designed to satisfy the high gravity anomaly as the 
surface geology is not able to satisfy- that anomaly values (+ 60 mGal) over the 
Aravalli Mountain Range This scenario is supported by the geology and 
geophysics of the area and explains all the known configuration The seismic 
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section across the AMR along the Nagaur-Kota traverse shows clearly a 
discontinuous and diffuse Moho beyond the AMR. 
Construction of the Models 
In order to estimate the possible third dimension (the subsurface structure 
and lithology at depth ), two NW-SE profiles across the AMR were studied and 
the permissible geological sections were designed through 2-D modelling using 
theisostatic anomaly. 
The isostatic anomaly rather than the Bouguer anomaly or free-air 
anomalies was used in this modelling. The reason is that the isostatic correction is 
based on a well established principle of isostasy. In the highly elevated terrain like 
Aravalli Mountain Range (MAX. 900 m and MIN. 250 m), the Bouguer anomaly 
is strongly influenced by large negative effect of the roots of the mountain. 
The model is based on the NGRI (1978) and Qureshy (1971) isostatic 
anomaly map (Fig 45). They compute the isostatic anomaly by assuming a sea 
level crustal thickness of 30 km and for crustal and subracrustal densities of 
2670 kg/m' and 3270 kg/m' respectively based on 3100 well distributed stations. 
In this study the Moho depth were calculated through Qureshy's (1970) 
emprical formula, H = T - 4.45 h , where, 7is the sea level crustal thickness 
(35 km) and h is the elevation above the mean sea level 
This relationship give Moho depth in the study area which ranges from 37 
km to 40 km which conforms to the seismic section running from Nagaur to 
Kota 
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Profdes A-B and C-D 
The profile runs fi-om the Jajiwal R.S. west of the AFB block to SE of 
Bijianagar in the Mewar plain The isostatic anomaly values decrease fi^om +10 
mGals to -10 mGals over the Manvar-Punagarh tract (2500 kg/m"* density), 
Erinpura granite (2650 kg/m' density) and the depth ranges fi^om 2 5 km to 5 km 
The Punagarh Group represent by Sojat Formation comprise slate and phyllites 
as the main lithology which may extend to shallow depth (2.5 km) The departure 
in the form of anomaly in further east increases steeply after the contact between 
Aravalli and Trans-Aravalli blocks in the form of Aravalli Frontal Fault (AFF) 
or Phulad lineament as by Gupta et al, (1982). The values increased to +60 
mGals over the Aravallis near the town of Sendra and over the mafic rocks 
(density 2900 kg/m') within the Sandmata Complex and decrease to -20 mGals at 
the SE end of the profile over Vindhyan outcrops with the minimum of -70 
mGals falls over the Vindhyans further SE (Fig 48a). 
Fig 48a and 49a gives the lithounits that are met across the profiles 
These also show the Moho as calculated emprically which is in close agreement 
(37-40 km) with the Moho reported by Reddy et al., (1995) and Tewari et al, 
(1995, 1998) across the Nagaur-Jhalawar profile beneath the Aravallis The 
magnitude of the anomaly +60 mGals may be partly attributed to the variation of 
densities in the depth of surface lithologies upto about 10 km But the bulk of the 
'high' near Sendra over the Aravallis eastern slope may be due to underplating as 
suggested by Qureshy (1970) , Tewari et al, (1995,1998) probably due to 
abortive Delhi-Aravalli rift and inverse rift (Verma and Geirling, 1989) The 
underplating seems indicated over the controlled seismic source profile as well 
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(Fig 48b & 49b) Using these concepts, the permissible geological sections 
arrived at are shown on Fig 48a and Fig. 49a. 
The profile C-D shows departure in the anomaly values from NW to SE 
from Pali to Bhilwara. The isostatic anomaly decreases from +5 mGals near 
Marwar over Punagarh Group and Erinpura Granite. The value peak at +55 
mGals near Deogarh to the SE of Aravalli axis at a gradient of 1.3 mGals/km. 
The anomaly reaches the maximum magnitude over the Giyangarh-Asind volcanic 
rocks which have an average density of2870kg/m'. Around Pali where +10 
mGals contour passes, there is flattening of the anomaly field. The -10 mGals 
closure around Sojat north of Pali is correlated with the Erinpura granites. The 
plateau-like 'high' south of Pali may be related to Malanis or Bambolai basaltic 
flow The rocks of Kumbhalgarh and Gogunda groups of Delhi Supergroup NW 
of Deogarh having an average density of 2650 kg/m"* appears to cause a local 
anomaly rise as does the exposures of Sandmata complex (density 2690 kg/m') 
between the volcanics of Giyangarh-Asind acidic rocks (densit>' 2870 kg/m^ and 
the Kumbhalgarh rocks (density 2690 kg/m'). The Sandmata Complex, Pur-
Banera Group and Mangalwar Complex fall along the rest of the profile. These 
have densities of 2670 kg/m\ 2630 kg/m'^  and 2660 kg/m' respectively and 
their depths from 2 km to 5 km are stipulated. The anomaly curves down and 
becomes negative over the Vindhyans where the Moho depth is about 36-38 km 
which is of the same order in the seismic profiling and it is deeper beneath the 
AMR SE of the AFB The Moho beneath the Aravallis as seen on the seismic 
reflection profile appears diffuse more than continuous. 
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Discussion and Constraints 
The isostatic crustal thickness veers around 40 km (Qureshy, 1970) in the 
AMR which is of the same order as reported by seismic reflection and refraction 
profiles (Kaila, 1990 , Reddy et al., 1995, 1997 , Tewari et al., 1995 , 1998) That 
is the crustal root as per the Airy concept of isostatic compensation is as 
expected from elevation However, the Airy-Heiskanen anomalies which are as 
high +60 mGal over the AMR and Mewar plain, and 0 to -10 mGals in the Sojat 
area west of the AMR. The 'high', as stated above is probably related to lava 
upwelling / underplating associated with Delhi-Aravalli rift (Verma and Gerling, 
1989). 
The Marwar Supergroup, earlier referred as Trans-Aravalli Vindhyans, 
lies to the northwest in the study area forming homogeneous topography. The 
rocks of the Marwar Supergroup and Punagarh Group exhibit undeformed 
sequences The sequences are mostly braided alluvial and low energy beach facies 
indicating regression and depositional transgression. The isostatic anomaly is -10 
mGals over the Marwar and Punagarh rocks. The positive isostatic anomaly 
(+10 mGals ) to the west of the said low isostatic anomaly may be related to the 
expected basement that is the Malani volcanics c 0 74 b y The maximum 
sedimentary thickness of these sequences range from 2 5 to 5 km as estimated by 
the gravity modelling 
In the seismic section (Tewari, et al, 1998) the reflection from middle and 
lower crust are reasonably abundant (below 5 seconds TWT), while the upper 
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crust is almost transparent. The Moho is characterised by an almost horizontal 
reflection at about 12.5 s TWT indicating 38-40 km crustal thickness as that 
estimated by the empirical formula (Quershy, 1971). 
The Delhi Supeigroup is represented by Kumbhalgarh and Gogunda 
groups in the traverse. These sequences form the main orogriq)hic axis of the 
AFB and highly deformed. The occurrence of the ophiolites as dismembered 
bodies (Sinha Roy and Mohanty, 1988 ) has significant bearing on the evolution 
of the AFB. The Kumbhalgargh Group represents the main sequence in the 
traverse A-B having 2690 kg/m' density and 3-5 km depth. The Sendra Granite 
occurs in the contact between the Aravalli and Tans-Aravalli blocks. 
The crustal reflectivity pattern indicates that the lower crust of the AFB 
and Me.P have 40-41 km Moho depth. The Moho in this area is represented by 
three bands; the first being strong, horizontal reflection at about 12.5 s TWT 
indicating a crustal thickness of 38 km. The second band of strong reflection dip 
fi^om 12 5 s TWT to 15.0 s TWT (38-45 km) towards SE and the third band of 
reflection dip towards SE from 14.4 s TWT to 16.0 s TWT ( 45-50 km), (Tewari 
et al., 1998) 
The Mewar Plain in the east consists of the rocks of the Bhilwara 
Supergroup, which predominantly comprises sedimentary phyOites and mica-
schist with intercalatory quartzite, meta-greywadce, meta-volcanics, calc-silicates, 
limestone, dolomite and marble (Gupta et al., 1997). The Bhilwara Supergroup 
comprises the Sandmata Conq)lex, Mangalwar Complex and Hindoli Group with 
the magmatic events. Beneath the Mewar plain comprising the Sandmata and 
Mangalwar complexes the crust is of the order of 40-42 km thickness as 
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estimated through the gravity modelling and conformed by the seismic section of 
Naguir to Kota traverse which images Moho at about 14.5 s TWT. The Moho 
reflection appears as bifurcate, diffuse and discontinuous probably due to the 
magmatic underplating and the cumulates of the magma at the crustal-mantle 
boundary (Cox, 1970). The isostatic anomaly values have the maximum "high" 
(about +60 mGal ) over the Delhi-Bhilwara supergroups contact. 
The last lithological unit in the traverse, the Vindhyan Supergroup, 
consists of undeformed and unmetamorphosed litho-assemblages comprising 
con^omerate, sandstone, shale and limestone. The Vindhyan basin is 
characterised by prominent band of strong, long and S£ dipping reflection at 
3.2-5.0 s TWT The shallow depth of these reflections indicates that the 
sedimentary thickness in the Vindhyan basin is around 6-7 km. The reflectivity at 
the middle and lower crust and Moho is rather poor in comparison to 
lithostratigrj4)hic units The Moho in the Vindhyan basin is estimated to be at 36-
38 km depth by gravity data. 
CHAPTEE - T 
199 
SUMMARY AND CONCLUSION 
In the preceding chapters the details of the geomorphology, geology and 
geophysics inrespect of the Aravalli Mountain Range in the study area have been 
presented. 
The methodology adopted for interpretation of the remotely sensed data for 
thematic interpretation through visual and digital image processing together with the 
interpretation of the gravity data in the permissible gedogical sections have been 
described. 
The present study was planned for mapping the geology of the arid region using 
remote sensing for two dimensional mapping and geophysics for interpretation of the 
third dimension The integration of remotely sensed data and geophysical data has been 
attempted to present the geology of the AMR in three dimensions. 
The image processing was carried out as part of the Ph.D. programme. The 
digital image processing was attempted to identiiy the thematic elements of the 
geomorphology, geology etc The visual interpretation was adopted for spatial 
extrapolation of the different thematic elements using the recognition elements as 
interpretational keys for image interpretation of the LANDSAT 5 TM FCC bands 2, 3 
and 4 The digital image processing was carried out using MGE Int^graph software 
The single band linear stretching, image filtering, FCCs, band ratios image and image 
transformation techniques were used for the interpretation of the lithounits, litho-
Contacts, structural and geomorphic elements fi-om the images The angle band linear 
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stretching images of the four band data were found useful for the interpretation the 
lithounits in the area. The FCCs with band 4 combination was found useful in the 
interpretation of the geological formations. The bands 4, 3 and 2 were selected for filter 
processing. The filtering enhanced the linear features in the images. The Laplacian and 
highpass filters were found useful for the interpretation of the microlineaments and 
litho-contacts 
MGE Image Analyst for the principle component analysis adopted algorthems 
for Hotelling transform The PC images were generated. The PCI, PC2, PC3and PC4 
images were combined in three bands combination of RGB colour assignment to 
produce the PC FCCs The PC analysis has been found to be useful for structural 
mapiMng of the thrust in the AMR. The discordance and tectonic overlap of the litho-
tectonic units is clearly seen in the PC FCCs. 
The band ratios were carried out to decrease the correlation in the DN values of 
the pixels in the various bands. The ratio images were prepared by using simple ratios 
between the bands, normalised difference and inverse ratios. The images which have 
been generated through band ratios were combined in FCCs using RGB colour system 
The ratio images have been used with success for microlineament analysis, trend 
analysis of the dominant planar tectonic anisotropy, mapping of the litho-tectonic units 
and thrust planes in the AFB. 
The geomorphology of the study area was interpreted from the LANDSAT 5 
TM FCC of bands 2, 3 and 4 image The interpretation was carried out using the 
photo-elements and geotechnical elements for mapping the geomorphological features 
within the study area The study area was separated into three geomorphic zones on the 
basis of the altitude namely, the Mewar Plain (Me.P.) in the east, the Aravalli Fold Belt 
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(AFB) and the Marwar Plain (Ma P.) in the west of the study area Each of the 
geomorphic zones was separated into geomorphic units. The Me.P. comprises the 
rolling and undulating plain occupied by the rocks of Bhilwara Supergroup with 
maximum elevation of 400 m The slope of the Me.P. is moderate at the foot of the 
AMR. It gradually becomes gentle towards east. 
The AFB is the classical example of the Proterozoic folded mountain belt which 
comprises the anticlines and synclines. The ridges occur as linear hogbacks alternating 
with erosional valleys The AFB has a relief of about 200 m, the base being defined by 
400 m and the top by 600 m At places the peaks have 800 m to 900m elevation above 
the MSL Tectonically the area is highly deformed characterised by the development of 
strong foliation, profuse joints, numerous faults and complex superposed folds, which 
are morphotectonically expressed as punctuation in ridge morphology. 
The Ma P occupies the western portion of the study area from the west margin 
of the AFB to the Pali basin in the west The Ma P on the bases of the altimetry and 
morphological considerations was divisible into three geomorphic elements namely, 
western pediplain, the buried pediment and the sand spread 
The western pediplain developed in fi-ont of AMR in the Trans-Aravalli region. 
The piedmont ^one comprising gravely detritus was formed by coalescence of the 
talus fans The buried pediment occupied part of the Trans-Aravalli block is 
characterised by sub-horizontally disposed sediments of the Marwar Supergroup and 
younger sediments of Mesozoic and Tertiary ages. It is overlain by the Quaternary 
aeolian sand spread The landscape of aeolian origin lies in the northwestern portion of 
the study area formed by sand deposits The sand dunes both of the seif parallel to the 
direction of the prevailing wind and the barchan types are present in the area 
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Palaeochannel seen in the northwest of the study area forms the demarcation 
line between the predominantly sand dunes area and the Marwar plain The Ma P. area 
represents the arid- semiarid interface of the Thar Desert in part of Pali and Jodhpur 
districts 
The Quaternary sediments occur as sand spread between Sardar Samand and 
Jajiwal R.S. as a veneer over the Marwar Plain. Locally the monotony of the sand 
spread is punctuated by presence of dunes which are both longitudinal and transverse 
The source of the sand has been considered to be from different provenance, mostly it 
is derived from the flood plain deposits of Indus and Luni river systems. Clastics from 
Trans-Aravalli region and coastal zones of Rann of Kutch have particularly contributed 
to the Quaternary sand spread in the area The sand is fine to very fine, sub-angular to 
round with high sphericity. Mineralogically, quartz is dominant, hornblende, feldspar, 
garnet, magnetite, limonite, carbonate and clay pellets occur as accessories. 
The geology was interpreted through remotely sensed data The digital image 
processing was carried out to identify the formational units Two windows of the IRS-
IB digital data covering the Aravalli orographic axis were examined using various 
image enhancement tools The formational units were spatiaUy mapped through image 
interpretation technique from LANDS AT 5 TM FCC. 
Lithostratigraphically, the formation units have been assigned to Bhilwara, 
Aravalli and Delhi supergroups, following the nomenclature adopted by the Geological 
Survey of India The magmatic events have been accommodated in the stratigraphy 
based on their cross-cutting relationship and deformational imprints of the Bhilwara, 
Aravalli and Delhi geological cycles (Gupta, et al, 1997) 
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The Bhilwara Supergroup comprises the metasedimentary sequences with 
migmatitic complex and igneous intrusives representing the geological cycle older than 
2 5 by. It includes meta-pelitic, pellite, quartzite, meta-proto-quartizite, meta-
conglomerate, meta-greywacke, meta-dolomite, kyanite-sillimanite-schist, paragneiss, 
para-amphibolite, mica-schist, synsedimentary-meta-volcanics, felspathised-mica-schist, 
gneisses-migmatite, composite gneisses, granite, granite-gneiss, granodiorite, 
chamockite, norite, enderbite and uhramafics. The Bhilwara Supergroup in the study 
area is represented by the Hindoli Group, Mangalwar Complex, Sandmata Complex 
and Pur-Banera Group along with the magmatic events, Raipur-Jalayan mafic rocks 
(2 95 +- 0.1 b y ) comprise the ortho-amphibolite bodies, gabbro, norite and pyroxene-
granulitic rocks as a dyke swarms intruding Sandmata Complex. The Giyangarh-Asind 
acidic rocks (2 95 +- 0.1 by.) consisting of an acidic suite of rocks comprising granite, 
granodiorite, chamockite, enderbite, granitoid gneiss and migmatite occur as erosional 
hills in the western portion of the Mewar Plain. 
The Berach granite (2.585 b y ) emplaced during the late orogenic phase of 
Bhilwara geological cycle is exposed in the Berach river valley showing intrusive 
relationship with the rocks of the Potla Formation. 
The Aravalli Supergroup comprises the thick pile of metamorphosed and 
complexly folded clastogenic sediments along with minor chemogenic and organogenic 
assemblages and interlayered basic volcanics overlying the migmatitic complex of 
Bhilwara Supergroup with erosional unconformity In the study area it is represented by 
the Dovda Group It is chiefly composed of an interbanded assemblage of hornblende-
schist, homblende-biotite-schist, biotite-schist, gametiferious-biotite-schist, amphibolite 
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gneiss, quartz-biotite-gneiss and migmatite with numerous intercalatory bands of calc-
silicate rocks, dolomite marUe and quartzite 
The Delhi Supergroup comprises the metamorphosed elastics with subordinate 
chemogenic sediments and rdated concordant and discordant intrusives resting over the 
rocks of Bhilwara Supergroup in the northeastern part of the area with first order 
unconformity and over the Aravalli metasediments with structural discordance in the 
southwestern part of the area. 
The Delhi Supergroup includes quartzite, biotite-schist, calc-gneiss, phyllites 
and marble with subordinates conglomerate, chert and meta-volcanics These rocks 
have been assigned to Gogunda , Kumbhalgarh and Punagrah groups Granites, 
ultrabasic, basic flows, q>idiorite, hornblende-schist, amphibole-pyroxene granulite and 
gabbros occur as associated intrusives 
The Gogunda Group comprises dominantly arenaceous and argillaceous facies 
deposited on the shelf margin. The Kumbhalgarh Group comprises the mixed calc-
arenaceous and argillaceous facies of the shelf interior. The Punagarh Group includes 
the molasses sediments of the successor basin 
The Phulad Ophiolite suite of rocks consisting of epidiorite, hornblende-schist, 
amphiboUte, pyroxene granuUte and gabbros, occurs as elongated bodies intermittently 
fi-om west of Samantri in the southern part of the study area through Phulad to northern 
part of the study area The Sendra Granite and gneisses comprises granite and granite 
gneisses and associated migmatite The Erinpura Granite and Gneiss represent the late 
to post-Delhi acidic intrusive. They occur in the western part of the study area around 
Pali basin 
205 
The Malani suite occurs as patchy exposures in the western part of the Marwar 
Plain This thermal event has been dated 0 740 by (Gupta et al., 1997) 
The photo-geophysical approach to interpret the stress trajectories for the study 
area in the AMR was adopted using remotely sensed data of the LANSAT 5 TM FCC 
Bands 2, 3 and 4 The linear photo-fabric controlled by joints and faults which were 
cutting the boundaries and tectonic trend lines of the regional foliation were mapped as 
microlineaments The planar fabric represented by bedding and planar tectonic 
anisotropy were mapped as photo-trends. The study area of the AMR was delineated 
into three sectors namely; Beawar, Phulad and Dasuri on the bases of the structural and 
tectonic similarity. 
The photo-geophysical approach for interpretation of the stress trajectories 
from the study of the present state of the finite strain included orientation analysis of 
the planar tectonic anisotropy and its correlation with axial trend of the major fold. 
Stress modelling through shear fracture analysis was also carried out for the 
three sectors. Besides, microlineaments were subjected to analytical rigour through 
study of their number, length and intersection density per unit area to obtain two 
dimensional smoothening The study area was delineated intolS'X 15'grid. The stress 
trajectories obtained through various photo-geophysical techniques have been 
summarised below Table- XIII 
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Table - XUl 
SECTOR 
BEAWAR 
PHULAD 
DASURI 
aJ trajectory 
fromATF. 
N50W - S50E 
N60W - S60E 
N50W - S50E 
ol trajectory 
fromPT. 
N50W- S50E 
N60W- S60E 
N50W- S50E 
GI trajectory 
from CSF. 
N35W-S35E 
N75W-S75E 
N55W-S55E 
al trajectory 
from IDA. 
N49W-S49E 
N49W-S49E 
N49W-S49E 
Note: ATF= Axial Trace of Fold, PT= Phototrend ,C5F= Cardiiial Shear Fracture, 
IDA = Imersectioii Densit>' Anahsis 
It has been observed that the evaluated palaeostress distribution of the AMR 
rocks from the photo-geophysical approach is highly correlated with the ol trajectories 
computed from various techniques It has emerged that the methodology adopted in the 
presem study can be suitably applied to extraterrestrial bodies and in area of mild 
deformation where fracture analysis can not be done due to resolution factor Trend 
analysis can be reliably applied to interpret the stress distribution system. 
The analysis of the isostatic anomaly across the Aravallis has been attempted to 
get an insight to the intracrustal density variation, possible crust-mantle relationships 
resulting from the isostatic compensation and clues to cratonic evolution process in the 
region. The AMR is bounded in the west by low gravit>- anomaly (-10 mGals) over the 
Thar Desert and in the east by low gravity anomaly (-70 mGals) over the Vindhyan 
basin 
The geophysical modelling has been carried out along two traverses The first 
traverse started from the west through the Jajiwal R.S. to Bijinagar and fiirther to the 
207 
Vindhyan margin The second traverse commences in the west, runs through Pali to 
Bhilwara and goes beyond the Vindhyans Permissible geological sections constructed 
for the traverses were based on the geomorphological, geological, tectonic setting and 
the isostatic gravity anomalies along the profiles. The seismic section parallel to the 
profile across the AFB fi-om Nagaur to Kota (Tewari et al., 1995, 1998) were 
considered The possible subsurface configuration of the Uthouiiits and the crust-
mantle relationships in the study area were designed using the geological map as base 
for extracting the litho-contacts along the isostatic anomaly profiles The densities were 
entered to the computer to bring out density contrast by assuming the density of the 
crust 2850 kg/m^ and the density of the mantle as 3270 kg/m .^ Using this data base, the 
Talwani progranmie for gravity modelling was run. The procedure was repeated till the 
observed and the calculated anomalies matched with each other or the difference 
became negligible. 
The isostatic anomaly values of +60 mGals over the Aravalli block can not be 
related to the surface lithounits The crustal thickness in the study area, in order of 37-
40 km, beyond the AMR is of the same order as reported by seismic reflection and 
refi-action profiles That is, the crustal root as per the Airy concept of isostatic 
compensation is as expected fi-om elevation. The positive isostatic anomaly can be 
related to the high density material in the lower crust in the form of magma 
underplating / upwelling (Qureshy,1971 , Mishra, et al., 1995 , Qureshy and 
Abdussalam, 1997 , Tiwari et al, 1998) 
The eflfect of the magmatic underplating is in producing a Moho which is 
defuse rather than a sharp interface This diffuse Mho is clearly presented in the seismic 
section across the AFB. 
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It is concluded that the integrated approach of the multi-data (remotely sensed, 
geological and geophysical data) can be a useful tool for mapping the subsurface 
geology (third dimension) of the areas covered by alluvium and sand spread in the 
arid to semi-arid regions 
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Appendii 1 
Configration of the Digital data of the IRS-IB USS-II. 
Windows No.l 
Request Number 
Satellite ID 
Sensor ID. 
Path / Row 
Date of Pass 
Correction Level 
Inter Line Distance (kms) 
Format 
Product Creation Time 
Product Size 
Product Type 
NW Comer Latitude (DEG) 
NW Comer Longitude (DEG) 
NE Comer Latitude (DEG) 
NE Comer Longitude (DEG) 
SW Comer Latitude (DEG) 
SW Comer Longitude (DEG) 
SE Comer Latitude (DEG) 
SE Comer Longitude (DEG) 
Floppy Density 
Floppy Capacity 
Product is Generated On 
File Name 
Segment Code 
Band Numbers 
Floppy Numbers 
972723011 
IRS-IB 
LISS-II 
31 /50 
19960402 
YYYYMMDD 
2 
0.0720000 
BIL 
26-NOV-97/16:21:21 
512X512X4 
Standard 
25:81 
73:47 
25:76 
73:83 
25:49 
73:41 
25:43 
73:77 
DSHD 
12MB 
IBM PC/AT Compatible, MSDOS 
IRSDAT 
(01-01) 
(RR-CC) 
1 2 3 4 
104834 
Appendii II 
Conngration of the Digital data of the IRS-IB LISS-U. 
W indows No.2 
Request Number 
Satellite ID 
Sensor ID 
Path / Row 
Date of Pass 
Correction Level 
Inter Line Distance (kms) 
Format 
Product Creation Time 
Product Size 
Product Type 
NW Comer Latitude (DEG) 
NW Comer Longitude (DEG) 
NE Comer Latitude (DEG) 
NE Comer Longitude (DEG) 
SW Comer Latitude (DEG) 
SW Comer Longitude (DEG) 
SE Comer Latitude (DEG) 
SE Comer Longitude (DEG) 
FloppN Density 
Floppy Capacity 
Product is Generated On 
File Name 
Segment Code 
Band Numbers 
Floppy Numbers 
972724011 
IRS-IB 
LISS-II 
31/50 
19960402 
YYYYMMDD 
2 
0 0720000 
BIL 
26-NOV-97/ 16:15 23 
512X512X4 
Standard 
25:81 
73 72 
2576 
74:08 
25:49 
73:66 
25:43 
74:02 
DSHD 
1 2MB 
IBM PC/AT Compatible. MSDOS 
IRS DAT 
(01-01) 
(RR-CC) 
1 2 3 4 
104832 
I l l 
Appendix 111 
Configration of the Digital data of the IRS-IB LISS-U. 
Windows No.3 
Request Number 
Satellite ID 
Sensor ID. 
Path / Row 
Date of Pass 
Correction Level 
Inter Line Distance (kms) 
Format 
Product Creation Time 
Product Size 
Product Type 
NW Comer Latitude (DEG) 
NW Comer Longitude (DEG) 
NE Comer Latitude (DEG) 
NE Comer Longitude (DEG) 
SW Comer Latitude (DEG) 
SW Comer Longitude (DEG) 
SE Comer Latitude (DEG) 
SE Comer Longitude (DEG) 
Floppy Density 
Floppy Capacity 
Product is Generated On 
File Name 
Segment Code 
Band Numbers 
Floppy Numbers 
972723011 
IRS-IB 
LISS-II 
31 /50 
19960402 
YYYYMMDD 
2 
0.0720000 
BIL 
26-NOV-97/16.28.18 
512X512X4 
Standard 
26:01 
73:46 
25:95 
73:82 
25:68 
73:40 
25:62 
73:76 
DSHD 
1 2MB 
IBM PC/AT Compatible, MSDOS 
IRS DAT 
(01-01) 
(RR-CC) 
1 2 3 4 
104837 
I\ 
Appendii IV 
Configration of the Digital data of the IRS-IB LISS-U. 
Windows No.4 
Request Number 
Satellite ID 
Sensor ID 
Path / Row 
Date of Pass 
• 
Correction Level 
Inter Line Distance (kms) 
Format 
Product Creation Time 
Product Size 
Product Type 
NW Comer Latitude (DEG) 
NW Comer Longitude (DEG) 
NE Comer Latitude (DEG) 
NE Comer Longitude (DEG) 
SW Comer Latitude (DEG) 
SW Comer Longitude (DEG) 
SE Comer Latitude (DEG) 
SE Comer Longitude (DEG) 
Floppy Density 
Floppy Capacity 
Product is Generated On 
File Name 
Segment Code 
Band Numbers 
Floppy Numbers 
972722011 
IRS-IB 
LISS-II 
31/50 
19960402 
YYYYMMDD 
2 
00720000 
BIL 
26-NOV-97/16:26:05 
512X512X4 
Standard 
25:97 
73:70 
25:91 
74:07 
25:64 
73:64 
25:59 
74:00 
DSHD 
12MB 
IBM PC/AT Compatible, MSDOS 
IRS DAT 
(01-01) 
(RR-CC) 
1 2 3 4 
104836 
Appendii V 
The statistics analysis of the principle component of the window no. 1 
::EigenData 
Area = row 0. column 0 to row 511. column 511 
Sample Size = 40085/262144 = 15.29 % 
Mean: 
araU.cot 
aral3.oot 
aral2.cot 
arall.cot 
Co\ariance 
araU.cot 
aral3.cot 
aral2.cot 
arall.cot 
53.7132 
52.3158 
47.5868 
47.9488 
Matrix: 
araU.cot 
545.3829 
536.7018 
485 9529 
476,4753 
Correlation Matrix: 
aral4.cot 
aral3.cot 
aral2.cot 
arall.cot 
araU.cot 
1.0000 
0.9827 
0.9837 
0.9864 
aral3.cot 
536.7018 
546.9630 
491.5290 
477.0650 
aral3.cot 
0.9827 
1.0000 
0.9935 
0.9861 
aral2.cot 
485 9529 
491,5290 
447 4939 
434,1286 
aral2.cot 
0.9837 
0,9935 
1,0000 
0,9921 
arall.cot 
476,4753 
477.0650 
434.1286 
427.8720 
arall.cot 
09864 
09861 
09921 
1,0000 
Eigenvalues: 
% cum % 
pel 1948.7311 
pc2 
pc3 
pc4 
10.8039 
6,0453 
2.1316 
Eigemectors: 
araUcot 
aral3.cot 
aral2.cot 
arall.cot 
pel 
0.5255 
0.5274 
0,4777 
0,4664 
Factor Loadings: 
araU.cot 
aral3.cot 
aral2.cot 
arall cot 
pel 
99.0354 99.0354 
0 5491 99.5844 
0.3072 99.8917 
0 1083 100 0000 
pe2 pc3 
-07890 0.2991 
0,5010 0,5461 
0 3533 -0 1911 
-00395 -07588 
pc2 
0.9933 -0.1111 
0.9955 0.0704 
0.9%8 0.0549 
0.9954 -00063 
pc4 
0 1087 
-04154 
07813 
-0,4529 
pc3 
00315 
0,0574 
-0,0222 
-0 0902 
pc4 
00068 
-00259 
00539 
-0 0320 
Appendii VI 
The statistics analysis of the principle component of the window no. 2 
::EigenData 
Area = row 0, column 0 to row 511. column S11 
Sample Size = 40085/262144 = 15.29 % 
Mean: 
ara41.cot 55.8888 
ara42.cot 55.3866 
ara43.cot 60.7567 
ara44.col 62.3882 
Co\ariance Matrix: 
ara41.cot 
ara41.cot 27 7773 
ara42.cot 37.9187 
ara43.cot 417698 
ara44.cot 29.0317 
Correlation Matrix: 
ara41.cot 
ara41.cot 1.0000 
ara42.cot 0.9632 
ara43.cot 0.9042 
ara44.cot 0.7960 
Eigemalues: 
% 
ara42.cot ara43.cot 
37.9187 
55.7933 
61 1781 
43.2215 
ara42.cot 
0.%32 
1.0000 
0.9344 
0.8362 
cum. % 
pel 190.9880 91.6944 91.6944 
pc2 10.6876 5.1312 %.8256 
pc3 5.3394 2.5635 99.3891 
pc4 1.2725 0.6109 100.0000 
Eigenvectors: 
pel pc2 pc3 
ara41.cot 0.3620 -0.2963 -0.4479 
ara42.cot 0.5274 -0 3070 -0.4635 
ara43.cot 0.6196 -0.2113 0.7531 
ara44.cot 0.4549 0 8794 -0 1319 
Factor Loadings: 
pel 
ara41.cot 0 9492 
ara42cot 0 9757 
ara43.cot 0 9769 
ara44cot 09085 
pc2 
-0 1838 
-0 1344 
•0.0788 
04154 
41,7698 
611781 
76.8277 
51.3222 
ara43 cot 
0.9042 
0.9344 
1.0000 
0.8461 
\ 
pc4 
-07619 
0.6425 
-0.0662 
-0 0483 
pc3 
-0 1964 
-0 1434 
0 1985 
-0.0440 
ara44.cot 
29.0317 
432215 
51.3222 
47.8891 
ara44.cot 
0.7960 
08362 
0.8461 
10000 
pc4 
-0 1631 
00970 
-0(X)85 
-0.0079 
vu 
Appendii VU 
The longitude / Latitude of the important cities in the area. 
The cit>' name 
Bhilwara 
Beawar 
Bijianagar 
JajiwalRS 
Pali 
Phulad 
Sojat 
The lat. / Long. 
74;38E, 25;20N 
74:20E, 26,08N 
74.38E,25.55N 
73:15E,26:20N 
73:22E,25:47N 
73:50E,25:37N 
73:40E,25:55N 
